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THIRTT-FIFTH  ANNUAL  lUBPORT 

OP  THE 

BOARD  OF  CONTROL  OF  THE  NEW  YORK  AORI- 
CX7LTURAL  EXPERIMENT  STATION. 


STAlTi;  OF  NEW  YORK: 

Department  of  AojticuLiTJHE, 

Albany,  January  15,  1017. 

To  the  Legidatiire  of  the  State  of  New  York: 

As  ConunisaioDer  of  Agriculture,  and  ae  President  of  the  Board 
of  Control,  I  have  the  honor  to  submit  herewith  the  Thirty-fiftti 
Annual  Report  of  the  Director  of  the  New  York  Agricultural  Expcri- 
meat  Station,  at  Geneva,  N.  Y,,  in  pursuance  of  the  proviflions  of 
the  AgiicultuTal  Law. 

I  am,  respectfully  youni, 

CHARLES  8.  WIIii(JN, 

Commisnoner, 
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Thirty-fifth  Annual  Report 


Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station. 


TREASURER'S  REPORT. 


Geneva,  N.  Y„  July  1,  1916. 
To  the  Board  of  Control  cf  the  New  York  AgrieuJittral  Experiment 


As  Treasurer  of  the  Board  of  Control,  I  respectfully  Butraiit  the 
fi^owing  report  for  the  fiscal  year^  ending  June  30,  1916: 

Investigations. 

AfPROFBIATIONB    1915-1916. 

1915  Receipts.  Dr. 

Oct.     1.  To  balance  on  hand $1,744  19 

To  amount  received  from  Comptroller 17,^3  46 


>F>om  October  1, 19IS  only,  owing  to  change  ia  fiscal  jrwr  by  LepaUtim. 
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Report  of  the  TREABimBB  or  thk 

Expenditures.  Cr. 

By  real  estate J612  00 

By  real  estate  mainteDance 192  55 

By  office  maintenance 1,566  29 

By  laboratory  equipment 1 ,956  38 

By  laboratory  maintenance 402  20 

By  farm  equipment 847  31 

By  farm  maiutenaoce 4,062  16 

By  heat,  light  and  water 242  86 

By  office  equipment 331  40 

By  pubUcations 369  96 

By  miscellaneous 2,668  71 

By  remitted  to  State  Treasurer 443  91 

By  traveUng  expenses 2,036  26 

By  balance 3,835  66 


General  Expense  —  Heat,  Light,  Water,  Apparatus, 

Repairs,  Etc. 

1915.  Receipts.  Dr. 

Oct.     1.  To  balance  on  hand 15  07 

To  amount  received  from  Comptroller 4,437  25 


ExpendUitreB.  Cr. 

By  real  estate  maintenance $1 ,829  02 

By  furniture  and  fixtures 1 ,691  57 

By  remitted  to  State  Treasurer 2  00 

By  balance 919  73 

$4,442  32 
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Sal&biks. 

1915.                                    Receipts.  Dr. 

Oct.     1.  To  balance  on  hand J4,753  93 

To  amount  received  from  Comptroller 39,571  81 

»44,325  74 


Expenditures.  Ct. 

By  salaries $39,228  40 

^balance 5,097  34 

$44,325  74 


liABOB. 

1915.  Receipts.  Dr. 

Oct.     1.  To  balance  on  hand $771  75 

To  amount  received  from  Comptroller 14,637  77 

$15,409  52 

ExpendUures.  Cr. 

By  labor $13,189  58 

By  balance 2,219  94 

$15,409  52 


Oeapb  iNVsanoATtON  Fund. 

101&                                    Receipts.  Dr. 

Oct.     1.  To  balance  on  hand. $241  60 

To  amount  received  from  Comptroller 6,713  88 

$6,955  48 
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Rbpobt  of  thb  Treasursr  of  thb 

ExpendUures.  Cr. 

By  real  estate  maintenance 10  52 

By  office  maintenance 19  88 

By  laboratory  equipment 209  65 

By  laboratory  maintenance 48  87 

By  farm  equipment • 79  00 

By  farm  maintenance 956  53 

By  heat,  l^t  and  water 38  06 

By  labor 999  20 

By  miBcellaneouB 592  72 

By  office  equipment 385 

By  salariee 2,916  69 

By  remitted  to  State  Treasurer 87  26 

By  traveling  expenses 280  24 

By  balance 714  02 


$6,955  48 


Febthjzebs,  FsEDraa  Stuffs,  Etc. 

1916.                                   Receipts.  Dr. 

Oct.     1.  To  balance $469  66 

To  amount  received  from  Comptroller 12,232  28 


Expenditures.  Cr. 

By  laboratory  equipment $205  76 

By  laboratory  maintenance 646  42 

By  office  equipment 19  00 

By  heat,  Ught  and  water 281  60 

By  labor 1 ,  046  77 

By  miscellaneouB 132  99 

By  salaries 9,485  50 

By  remitted  to  State  Treaaurer 178  13 

By  traveling  expenses 198  BSt 

By.  balance 608  25 
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Ftbld,  Obchabd  and  Milk  Invebtigahonb. 
1915.  Receipts.  Dr. 

Oct.     1.  To  balance $34  54 

To  amount  received  from  Comptroller 10,265  25 


$10,299  79 


Cr. 

By  labor J2,121  77 

By  farm  maintenance 23  00 

Byealflries 7,812  29 

By  remitted  to  State  Treasurer 11  64 

By  balance 531  19 


S10,299  79 


Hatch  Fund. 

1915.                                   ReeeijOa.  Dr. 
Oct.     1.  To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ended  June  30, 1916,  as  per  act  of  Congress 

approved  March  2,  1887 SI  ,500  00 

Expenditures.  Cr. 

By  building  and  repairs $9  30 

By  contingent  expenses 7  20 

By  frei^t  and  express 16  21 

By  heat,  li^t  and  water 25  14 

By  labor 134  13 

By  postage  and  stationery 17  76 

Byaalariea 1,174  86 

By  seeds,  plants  and  sundry  supplies 85  28 

By  traveling  ex[>enses ...  17  00 

By  balance 13  03 

SI, 500  00 
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6  Rbfobt  or  the  Treabubeb. 

Adaub  Fund. 
1016.                                   RecdpU.  Dr. 

Oct.  1.  To  receipts  frwn  the  Treasurer  of  the  United 
States  BB  per  appropriation  for  fiscal  year 
ended  June  30, 1916,  as  per  act  of  Congress 
approved  March  2,  1887 $1,500  00 

Expenditures.  Or. 

By  salaries $1,275  04 

By  scientific  apparatus 90  00 

By  balance 134  96 


$1,500  00 


RjNQ  Meuobial  Fund. 
Balance  on  hand  October  1,  1916 $1 ,000  00 


[  have  received  and  remitted  to  the  State 
Treasurer  for  the  fiscal  year  ending  Ju]y 
1,  1916,  for  produce  sold 


All  expenditures  are  supported  by  vouchers  approved  by  the 
Auditing  Committee  of  the  Board  of  Control  and  have  been  forwarded 
to  the  Comptroller  of  the  State  of  New  York. 

(Signed)    W.  O'Hanlon, 

TVeosurer. 


D,=;,lz.d.,G00g[c 


DIRECTOR'S  REPORT  FOR  1916.* 

To  Ote  HonorabU  Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station: 

Gentlemen. —  It  again  becomes  my  duty  to  present  to  you  a  report 
of  another  year's  operations  of  this  institution,  which  I  shall  accom- 
pany by  a  discussion  of  certain  conditions  affecting  the  institution 
and  of  our  continued  needs. 

The  work  of  the  Station  during  1916  has  continued  along  much 
the  same  lines  as  during  previous  years.  As  now  organized,  the 
institution  occupies  a  broad  field  of  inquiry  and  the  problemfl 
considered  touch  almost  every  phase  of  agricultural  practice.  It 
has  become  a  question,  in  view  of  the  increased  cost  of  maintaining 
such  an  institution  and  of  failure  to  secure  additional  funds  com- 
mensurate with  the  increased  expense  and  demands  for  assistance, 
whether  the  scope  of  our  activities  is  not  too  broad.  We  may 
seriously  ask  whether  a  fuller  concentration  upon  fewer  problems 
would  not  be  more  beneficial  to  the  agriculture  of  the  State.  There 
are  still  preasing  needs  of  the  institution  which  have  not  bees  met, 
and  to  which  I  shall  take  the  liberty  of  calling  your  attention. 

ADMINISTRATION. 

STATION    6TAFP. 

Changes  in  the  Station  Staff  have  been  less  than  in  some  former 
years.  Charles  B.  Tubergen,  B.S.,  who  was  connected  with  the 
horticultural  department  of  the  institution  for  a  period  of  over  five 
years,  resigned  on  October  first  to  enter  upon  commercial  work. 
During  these  years  of  service,  Mr.  Tubergen  established  very  pleasant 
relations  with  his  associates,  and  he  carries  with  him  the  hearty 
wishes  of  his  friends  for  success  in  his  new  field  of  effort. 

Edward  J.  Lewis,  B.S.,  Assistant  Chemist  in  the  sgronomy  depart- 
ment, resigned  after  a  somewhat  brief  stay  at  the  institution  in 
order  to  further  prosecute  his  studies  in  chemistry. 

John  C  Baker,  Ph.D.,  was  appointed  on  July  first  to  fill  the 

vacancy  caused  by  the  resignation  of  Alfred  W.  Bosworth  late  in 

1915.     Mr.  Baker  pursued  special  studies  at  Columbia  University 

in  biolc^cal  chemistry,  and  received  from  that  institution  the  d^ree 

*  Tbia  is  a  reprint  of  Bulletin  No.  428,  December,  1916. 
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of  Doctor  of  Philosophy.  For  the  present,  he  will  be  engaged  in 
the  chemical  departmeDt  in  the  study  of  problems  relating  to  milk 
and  milk  products. 

William  W.  Baer,  B.S.,  has  been  appointed  to  the  position  of 
Assistant  Chemist  in  the  department  of  apoaomy  to  fill  the  vacancy 
caused  by  the  res^piation  of  Edward  J.  Lewis.  Mi.  Baer  is  a 
graduate  of  the  Fennsylvuiia  State  College. 

William  C.  Stone,  M.S.,  a  graduate  of  the  University  of  Vermont 
and  for  several  years  an  assiBtant  in  the  Experiment  Station  at 
that  institution,  having  given  attention  duricg  that  time  to  special 
problems  in  plant  breeding,  has  been  selected  to  fill  the  vacancy 
caused  l^  t^e  res^nation  of  Charles  B.  Tubergen.  Mr.  Stone 
enters  upon  his  duties  on  the  first  of  January,  1917. 

The  institution  is  fortunate  in  retaining  the  continued  services 
of  the  heads  of  the  various  divisions  of  the  scientific  staff.  This 
is  not  because  attractive  opportunities  have  not  come  to  them 
throu^  offers  from  other  institutions,  but  because  of  a  devotion 
to  their  work  and  a  loyalty  to  the  institution  which  leads  them  to 
remun  in  l^e  service  of  the  people  of  this  State. 

Under  the  new  fiscal  poUcy  of  the  State,  it  will  without  any 
question  be  increasingly  difiScuIt  to  secure  long-continued  service  on 
the  part  of  members  of  the  staff,  especially  when  financial  interests 
are  seriously  involved.  The  fundamental  law  establishing  the 
institution  states  that  the  Board  of  Control  "  may  employ  com- 
petent and  suitable  chemists  and  other  experts  and  persons  necessary 
for  carrying  on  the  work  of  the  Station  and  shall  fix  the  compensation 
of  all  persona  connected  with  the  work  of  said  Station."  The 
autonomy  of  the  Board  of  Control  is  now  seriously  limited  in  this 
direction  inasmuch  as  the  salaries  of  the  members  of  this  staff  are 
now  fixed  by  the  budget  committees,  subject  of  course  to  legislative 
enactment.  Any  policy  which  involves  promotion,  and  no  scientific 
institution  can  be  managed  successfully  without  a  policy  of  pro- 
motion for  meritorious  service,  can  now  hardly  be  sustained,  as  the 
legislative  mind  is  more  sensitive  towards  increases  of  salaries  in 
our  educational  institutions  than  towards  almost  any  other  line  of 
expenditure.  In  several  ways  the  policy  and  management  of  the 
Station  by  its  Board  of  Control  have  been  seriously  disturbed 
through  various  fiscal  and  other  r^;ulation8.  It  cannot  be  too 
stron^y  ui^^  by  those  whom  the  Station  is  expected  to  serve  that 
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the  pdicy  ot  (he  State  should  be  to  appropriate  what  moaey  it 
thinks  it  can  afford  for  the  support  of  the  institution  and  leave  itfl 
pcdky  and  managonent  to  those  more  intimatdy  acquainted  with 
its  conditions  and  needs. 

HAINTENANCE  FUNDS. 

TbB  fiscal  law  of  the  State  of  New  York  was  amended  l^  the 
L^islature  of  1916  by  changing  the  fiscal  year  so  that  it  begins  on 
July  1  instead  of  October  1.  This  brings  the  actual  expenditure 
<A  the  funds  provided  nearer  to  the  time  when  the  various  depart- 
ments and  institutions  of  the  State  must  make  recommendations 
tor  their  budget,  but  even  under  the  new  arrangement  the  items 
for  the  but^t  are  requested  not  less  than  niae  months  before  the 
begnning  of  the  fiscal  year  to  which  the  budget  is  to  be  applied. 

The  following  were  the  appropriations  made  avtulable  for  the 
fiscal  year  beg^nnii^  July  1,  1916: 

n.1-— —  Obmibu.  Fond. 

Adnuniatntkn .' 113,900.00 

H«Mrch 66,000.00 

Ubor 

OaMifiad 6,700.00 

Begnlar  and  temponry 14,797.88 

S^wWMTfae m.80 

•90,872,68 
29,700.00 

Toul »I»,»72.6S 

ImracnoN  Fum. 

SAriM «I3,O7O.O0 

Ubor 

B^Arndtamporanr 1,482.40 

Hmtnaneeaadopention 2,400,00 

TuM  far  iMitaetioD |l«,9fi2.42 

Total  appn^iaHoa  1916-17 tl37,S36. 10 

nilaiiB  fir  ifl  £nriaa* I82,270.n 

U»r  (CbwSed) 6,700.00 

Laber  (Bcfubr  and  tonporan') 16,280.30 

SmMmnkt 174.80 

TliiiliMHiii  aad  ofwration 22, 100.00 

ToW tl37,S36.UI 
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This  is  (6,215.00  less  than  was  deemed  necessary  by  the  Board 
of  Control  for  the  maintenance  of  the  institution. 

The  appropriatioQB  requested  for  the  fiscal  year  beginning  July 
1,  1917,  are  as  foUows: 
Balanv  Gimral  Turn 

AdminislntMHi tl3,420,00 

RcMweh 67,300.00 

ro,72o.oo 

CUaatfied 6,820.00 

Regular  and  tompoiwr 16,000  00 

Special  swvi<M« 1,674.80 

SOS, 214-80 
32,075.00 


$127,289.80 
iHBPECnoit  Fmro 

Salwkia $13,670.00 

Labor,  regular  and  tmnporaiy 1,516.00 

{16,186.00 
Mainta&ance  and  opeTBtdoD 2,400.00 

Tobd  for  inspection S17,586.00 

Total  q>pn)priatiaa  roqueated fl44,874.80 

SbIbiim  tta  all  divkioiiB $84,300.00 

I*bc»  (ClMBified) 6,820.00 

Labor  {Repilar  and  temporary) 17,515.00 

Special  Berviee 1,674.80 

Maintaianoe  and  operation 34,476.00 

Total $144,874.80 

I  trust  it  will  be  possible  for  your  Board  to  urge  upon  the  Legis- 
lature with  the  utmost  emphasis  the  need  of  Teturning  to  the  former 
budget  system  under  which  appropriations  were  made  to  this  insti- 
tution. As  it  is  now,  your  Director  is  asked  to  recomm^id  specific 
sums  along  specific  lines,  such  as  fuel,  hght,  power  and  water, 
printing,  equipment,  supplies,  hired  horses  and  vehicles,  traveling 
expenses,  communication  (which  includes  freight,  express,  telegraph 
and  telephone  bills),  general  plant  service  (which  means  horse- 
shoeing, laundry  work  and  the  employment  of  outeide  men  for 
general  repairs),  and  rent.  The  exp^iditures  of  an  Experiment 
Station,  if  it  is  doing  the  work  it  ought  to  do,  cannot  be  standardized, 
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nor  is  it  poaaible  for  the  management  to  prophesy  six  to  nine  months 
before  the  be^mimg  of  the  fiscal  year  how  its  general  expense  money 
appropriation  ahotild  be  distributed.  As  evideQce  of  this,  I  present 
iite  following  analyBis  of  our  expenditures  for  the  fiscal  year  1914^15 
and  the  expenditures  from  July  1,  1916,  to  June  30,  1916: 

1014-16       1915-16 

Fi^^t,  www  and  water 94,031.37    92,763.52 

Printing 401.68  94.07 


Office 46.43  428.34 

MoteTdiiele 826.00 

Kaearch 2,788.67  4,394. 86 

Farm  and  garden 2,391.99  1,618.78 

Boob 1,260.35  867.80 

Gacnl  plant 15.00 

livertock 7.00      

Wearing  ^^Mvel 68.20       

Total 16,538.54  97,939.57 

SuppIicB 

OffiM 1,340,28  1,009,56 

lAuodry,  daaoing  and  disintecting ^.80  79.83 

Motor 371,77  460.78 

Heaearch 1,739.61  l,822.'ft4 

Botanical  and  agricultural 4,069.97  4,734.02 

Forage  and  veterinary 861.07  995  94 

G«imIiJant 1,119-63  467  50 

HonadMdd 25.98       

IVital 99,681.09  99,57147 

Hired  boTwa  and  vdueles 93,028  29  92,417,41 

leveling  expenaea 

TrampwUtion 1,888.69  1,897.96 

Hotel 1,998,07  1,361  85 

Total 93,886.66  93,069.80 


1,755.44      2,358  23 

General  plant  aervice 3,168.74       1,023.71 

Bent 1,291 .29         961 .62 

The  fcn^^oing  figures  show  how  absurd  it  is  in  the  management 
of  an  inetitutioD  of  this  character  to  base  the  distribution  of  funds 
for  a  future  fiscal  year  upon  what  has  happened  during  a  year  that 
has  past.  The  present  year  affords  an  admirable  illustration  of 
■tnationa  which  may  be  encountered  in  any  year.  The  expenditure 
for  coal  is  an  important  item  with  any  institution  and  the  price 
of  aatt  coal  has  increased  from  a  little  over  $2.00  a  ton  to  S5.50. 
With  a  fixed  item  for  fuel,  what  can  an  institution  do?    If  some 
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relief  from  such  a  fisciU  policy  is  not  arrived  at  through  a  better 
understondii^  of  the  atuation,  not  only  will  the  autonomy  of  the 
management  of  the  institution  be  seriously  limited  but  it  will  be 
impossible  to  administer  funds  efficiently.  This  matter  is  not 
presented  in  the  way  of  criticism,  but  is  a  frank  and  necessary 
discussion  of  a  situation  which  the  Experiment  Station  is  obl^ed  to 
meet. 

'SHE   NEW   BUILDINa 

It  is  fitting  that  grateful  acknowledgment  should  be  made  to 
the  Govemar  and  Legislature  for  the  appropriation  of  one  hundred 
thousand  dollars  with  which  to  erect  an  administration,  library 
and  demonstration  building.  According  to  plans  which  are  prac- 
tically completed  and  which  have  had  the  approval  of  your  Building 
Committee,  this  building  will  contain  the  administrative  offices, 
a  library,  two  audience  rooms,  one  with  a  seating  capacity  of  approx- 
imately six  hundred  persons  and  another  with  seatii^  capacity  of 
one  hundred,  and  museum  space.  This  building  is  to  be  of  essentially 
fire-proof  construction.  According  to  the  vote  of  your  Board,  it 
U  to  be  located  on  the  north  side  of  North  Street,  facing  the  space 
between  the  present  administration  building  and  the  biological 
building.  This  location  has  been  made  possible  through  the  purchase 
of  a  lot  of  land  with  250  feet  frontage,  running  back  225  feet.  This 
area  will  give  an  admirable  opportunity  for  giving  the  building  a 
settii^  of  trees  and  shrubbery. 

FURTHER  BUILDINO   NEEDS. 

The  L^pslature  of  1916  was  asked  to  furnish  means  tor  the  erection 
of  new  plant  houses  and  a  cold  storage  house.  The  reasons  for 
this  request  may  be  restated  in  language  used  in  my  report  for 
1915: 

"  The  time  has  come  when  in  order  to  carry  on  its  work  with 
the  desired  efficiency  new  and  greatly  enlarged  plant  houses  should 
be  provided.  The  preeent  plant  houses  of  the  Station  were  erected 
about  twenty-five  years  ago.  They  have  exceeded  the  usual  life 
of  such  structures,  and  are  now  neither  adequate  nor  efficient. 
There  is  a  large  amount  of  work  in  ^ricultural  investigation  which 
should  be  carried  on  in  such  houses,  if  carried  on  at  all,  including 
plant  breeding,  plant  nutrition  and  studies  of  plant  diseases  and 


ilized  by  Google 


New  York  Agbicultural  Experiment  Station.  13 

injurious  insecte,  to  all  of  which  lines  the  Station  is  obliged  to  give 
much  attention. 

"  The  bhirII  cold-storage  house,  established  chiefly  for  the  Btoring 
(rf  fruits,  was  erected  at  the  Station  something  more  than  twenty 
years  ago.  The  preservation  of  fruits,  of  which  the  Station  has 
several  thousand  varieties,  requires  cold  storage  facilities  in  order 
that  such  materials  may  be  used  for  study  and  exhibition  purposes. 
The  present  cold-storage  plant  is  inadequate  in  size  and  construction 
and  if  retained  will  need  enlargement  and  extensive  repairs.  A 
new  building  should  be  erected." 

It  is  not  to  be  expected  that  an  institution  which  has  been  in 
operation  for  thirty-four  years  should  not  find  it  necessary  to  replace 
buildings  of  a  somewhat  perishable  character  that  have  been  in  use 
durii^  that  time.  The  State  must  either  provide  the  means  for 
such  replacement  or  allow  the  institution  to  deteriorate  seriously  in 
f^>pliance8  and  efficiency. 

ACQUISITION  OP  UORE  LAMD. 

In  my  last  report,  attention  was  called  to  the  great  dearability 
of  acquiring  for  this  institution  a  tract  of  land  on  the  east  side  of 
Castle  street,  adjacent  to  the  Station  property,  of  about  twenty- 
three  acres.  The  owner  of  this  land,  with  fine  public  spirit,  has 
r^rained  for  several  yeais  from  breaking  it  up  into  building  lota 
because  of  his  desire  that  it  shall  become  the  property  of  the  State, 
as  an  adjunct  to  the  Experiment  Station.  This  land  is  needed  in 
order  to  establish  upon  it  not  only  an  arboretum  for  the  study  of 
omunental  trees  and  shrubs  but  for  the  establishment  of  a  collection 
oi  the  pn^enitors  of  our  fruit  trees  and  shrubs  as  a  means  of  promoting 
tiie  study  of  plant  breeding  work  which  this  institution  is  carrying  on 
very  extensively  and,  as  we  believe,  to  the  great  benefit  of  the  horti- 
culture of  the  State.  More  money  could  be  realized  for  this  park  by 
disposing  of  it  in  a  commercial  way.  The  owner  has  been  willing 
to  delay  offering  it  to  the  public  for  building  purposes  in  order  that 
opportunity  may  be  given  for  the  L^iislature  to  take  the  necessary 
steps  to  acquire  it  for  Station  purposes.  It  is  hoped  that  the  Legis- 
lature will  not  commit  so  great  a  mistake  as  to  allow  this  land  to  be 
aheoibed  ior  other  purposes. 
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STATION  PUBLICA.TIOKB. 

The  distribution  of  Station  publications  is  in  accordance  with  the 
following  ^ures: 

POPIDLAB  Bui.umHs 

Bwiilenta  of  New  York 3S,89S 

RceideDta  of  other  3U1m 2,40S 

Newapftpo^ 777 

Experiment  statiomi  and  their  rtoSg 2,318 


Totil 44,H>1 

CouPLBTB  BuLLinm 

Experimeal  Btatioiu  and  that  Bta& 2,318 

libnries,  sdeiitwts,  etc 401 

FM«3gnltBt 3^ 

Individiub 3,065 


Total 7.116 

It  is  easily  seen  that  not  over  one-fifth  of  the  farm  owners  of  the 
State  are  receiving  the  Station  bulletins.  If  this  were  the  only  way 
in  which  the  results  of  the  Station's  investigations  were  disseminated, 
the  situation  might  seem  discouragii^.  As  a  matter  of  fact,  however, 
information  based  upon  the  knowledge  which  the  Station  staff  is 
able  to  acquire  throt^  its  researches  is  spread  among  the  people 
of  the  State  in  various  other  ways,  as,  for  instance,  through  instruc- 
tion in  the  class-room  at  the  College  of  Agriculture  and  the  agri- 
cultural schools,  through  imitation  by  his  neighbors  of  what  a 
fanner  or  fruit  grower  accomplishes  through  the  application  of  new 
knowledge,  through  the  activities  of  county  agents  and  institute 
schools  and  through  the  rural  press.  It  is  indeed  a  worthy  result 
to  educate  a  your^  man  for  usefulness  in  some  walk  of  life,  but  it  is 
even  a  greater  thing  to  accomplish  to  develop  a  new  truth  which  in 
all  time  and  among  all  people  promotes  human  welfare.  It  would  be 
a  serious  mistake  to  suppose  that  the  dissemination  of  any  new 
knowledge  is  limited  numerically  by  the  mailing  list  of  any  institu- 
tion whatever. 

There  is  presented  this  year  as  a  part  of  the  annual  report  of  the 
Station,  manuscript  of  another  fruit  book  to  be  known  as  "  The 
Peaches  of  New  York."    I  can  assure  your  Board  tJiat  this  publica- 
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tion  wUI  surpass  in  artistic  features  and  in  thoroughnesa  of  prepara- 
tion any  one  of  the  four  previous  publications  which  have  been 
issued. 

The  fruit  growers  of  the  State  should  bear  in  mind  that,  if  the 
present  regulations  of  our  printing  department  are  maintained, 
5,000  copies  of  this  report  will  be  absorbed  by  members  of  the 
Lc^Iature,  2,000  copies  will  go  to  the  Commissioner  of  Agriculture 
and  only  2,000  copies  will  be  available  by  the  Station  itself  to  meet 
the  demands  made  upon  it.  The  popularity  of  these  publications 
with  the  resultant  extensive  demand  for  them  has  often  placed  the 
Station  in  an  awkward  position  because  of  the  number  of  requests 
which  it  has  been  obUged  to  refuse  for  some  one  oi  these  publications. 

POUCT  TO  BB  APPLIED  TO  STATION  ACTIVITIEB. 

The  question  of  the  policy  which  an  Experiment  Station  shall 
follow  in  the  selection  of  its  work  is  an  ever  recurring  one.  This 
selection  generally  lies  between  a  close  scientific  study  of  facts  or 
principles  which  underlie  agricultural  practice  or  efforts  of  a  more 
popular  character  which  relate  quite  directly  to  practice.  Doubtiess 
the  latter  line  of  endeavor  is  more  likely  promptly  to  secure  a  popular 
verdict  find  increased  good  will  toward  the  Station  among  its  con- 
stituency than  the  former.  i 

The  great  value  of  past  investigations  of  the  severer  sort  is  well 
illustrated  in  many  directions,  as  for  instance  by  a  study  of  the 
relation  of  germ  life  to  leguminous  plants,  the  discovery  of  the 
useful  nitrifying  organisms  of  the  soil,  the  relation  of  certain  com- 
pounds to  the  maintenance  of  plant  life,  investigations  concerning 
the  functions  of  certain  nutrients  in  the  development  and  maintenance 
of  animal  life  and  the  underlying  chemical  and  biological  iacton  which 
are  important  in  dairy  technoI<^y.  The  great  benefits  that  have 
been  derived  from  these  and  many  other  researches  of  the  same 
general  character  are  too  evident  to  be  denied.  Work  of  a  more 
popular  character  may  be  illustrated  by  tillage  experiments,  fer- 
tilizer tests,  comparisons  of  rations,  and  illustrative  experiments  in 
spraying  and  along  other  phases  of  farm  practice.  Work  of  this 
latter  kind  may  properly  be  classed  as  demonstration  or  extennoo 
work. 

A  close  study  of  Station  activities  in  tiie  United  States  leads 
to  the  conviction  that  a  large  percentage  of  the  enei^  and  resources 
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of  tbeee  institutions  has  been  expended  ia  dealing  with  the  immedi- 
ately practical  aide  of  farm  problems.  In  other  words,  much  so-called 
investigation  or  experimentation  has  dealt  with  variables,  that  is, 
with  matters  that  are  of  only  relative  impori^ance  and  that  have  no 
fundamental  and  general  rdation  to  any  phase  of  farm  practice. 
Without  question,  Expmment  Stations  have  busied  themselves  to  a 
great  extent  with  problems  that  are  simply  buaness  factors  in  farm 
manag^nent  and  which  must  be  settled  by  the  farmer  himself  as 
an  essential  part  of  his  business  operations.  It  is  for  these  reasons 
that  we  have  a  large  mass  of  Station  literature  that  is  rapidly  dis- 
appearing from  our  attention  —  simply  because  it. added  nothing  of 
a  permanent  character  to  ^[ncultural  science.  Doubtless  the 
institulion  under  your  care  has  been  guilty  of  transgressionB  of  this 
sort. 

It  is  safe  to  assert  that  individual  farmers  have  often  been  misled 
through  giving  them  advice  based  upon  circumstances  in  other 
localitjes  and  under  other  conditions.  Within  certain  limitations 
the  farmer  must  be  l^t  to  work  out  his  business  salvation,  and  the 
influence  of  any  outaide  agency  must  be  introduced  with  great 
caution.  The  observation  is  pertinent  in  this  connection  that 
Experiment  Stations  are  seriously  in  error  when  the  results  of  their 
studies,  whether  in  the  field  or  elsewhere,  are  given  in  terms  of  dollars 
and  cents.  If  there  are  good  reasons  for  conducting  a  field  experi- 
ment where  the  yield  of  different  plats  treated  in  an  unlike  manner  is 
compared,  it  is  not  rational  to  say  that  one  plat  gave  a  profit  of  six 
dfdiars  more  than  another  plat,  because  the  six  dollars  is  a  variable 
which  might  be  some  other  figure  with  labor  and  supplies  having  a 
different  cost  and  the  product  selling  at  a  different  price.  Measure- 
ments of  this  kind  should  be  in  units  of  production. 

In  the  former  statements  it  is  not  intended  to  condemn  so-called 
practical  experiments.  They  are  valuable  adjuncts  to  research. 
It  is  often  necessary  to  do  field  work  in  order  to  determine  the  appli- 
cability of  a  theory  or  a  si^gested  practice,  sometimes  in  the  field, 
sometimes  in  the  orchard  and  sometimes  in  the  cheese  factory  or 
dairy.  -Many  problems  have  two  phases,  the  underlying  facts  or 
principles  and  the  application  of  these  facts  or  principles,  and  the 
application  can  only  be  studied  by  entering  into  practice. 
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mBFBCnOII  WORK. 

The  inspection  work  of  this  institution  includes  the  examination 
of  Babcock  ^assware  and  ^ricultuial  seeds. 
T\k  Qumber  of  seed  samples  examined  is  as  follows: 

Offioial  BBinpltt 6Q0 

Sam)rfM  wnt  by  farmtni  uid  other  owrMpondaits 77fi 

The  following   f^uree  ^low   the   pieces  of  Babcock   glassware 
examined; 

UOk  bottlM 21,839 

Cnun  bottka 5,492 

KpettM 4,003 


Total  pieoM  inapected ^,392 

Rejtetod  fntn  milk  and  erum  bottles 141 

Rejected  from  ppettm 43 

The  data  in  regard  to  the  examination  of  samples  of  fertilizers  and 
feeding  stuffs  are  giveo  und^  the  head,  "  Department  of  Chemistry." 

RESULTS  OF  STATION  WORK  ACCOMPLISHED  IN  1916. 
The  Experiment  Station  has  published  15  bulletins  and  9  technical 
bulletins  covoing  the  work  of  the  institution  during  the  year  1916, 
including  those  which  report  the  inspection  of  fertilizers  and  feeds. 
Of  these  bulletins  8  have  been  reproduced  in  popular  or  summarized 
fonn.  There  follows  a  brief  summary  of  Station  work  for  the 
year  consisting  munly  of  certain  of  the  principal  data  presented  in 
tiiese  bulletins: 

DIVISIOM  OF  AGRONOMT. 
FnLD  Wouk  Done  (hmniB  ov  Statiok  Fabmb. 
AlfaVk  Bod  awaet  dow  coltwe  on  Muthccn 
New  York  Un  laade:  L.  OaUagbcr,  (i  mn).  Oxfwd. 


C.  a.  BalMT  (2  ume).  ChniuigD  Forks, 
a.  G.  SkinDcr,  Jr.  (1  sore),  Prattsburg. 
A.  8.  iitOuray  (I  acre),  Bingbamtoa. 
W.  P.  Mead  A  Son  (4  aciea),  Jameatowo. 
A.  R.  Chappel  (2  ft      '   ~" 
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Groat  Bear  Sjaiaeii  Co.  (8  urei),  FuJ- 

R.  B.  DfoBDMe  (8  acne),  Albioo. 
Cbnry  orchard:     Fwtiliier  cultivatioa  and 

oovei<<n>p  teeto:  P.  F.  O'NeQ  (3  acres),  Geneva. 

Fm  orchard:     FertUiier,   milUvatioii   and 

eava-amp  teatn:  lAwrenoe  Howard   (3   acres),   Kuder- 

hook. 
^^neyards:      Fertiluw   and  deep-plowing 

testa:  S.  E.  Stone,  Jr.  (4  wree),  Fredonia. 

D.  W.  Blood  (2  acrsa),  Dunkirk. 
Tobaoco-culture  eiperimentB:  F.  A.  Tuerk  (12  aote),  Baldwinaville. 

B.  I.  Crego,  BaldwioBvills. 
Hop-eultnre  experiinanta:  P.  R.  Bennett  (0  acres),  MilfiHd. 

BACTBMOLOQICAL  AND  DAIBT  Drvi8I0N8. 

The  chief  attention  of  the  members  of  these  divisione  has  been 
^ven  to  the  study  of  problems  connected  with  stable  and  milk  sanita- 
tion, and  to  a  study  of  soil  micro-organisms. 

The  sanitary  milk  problems  which  have  been  given  the  greatest 
attention  are:  (1)  Methods  of  controUing  the  sanitary  quality  of 
market  milk;  (2)  the  importance  of  the  machine  milkers  as  a  source 
of  bacteria  in  market  milk;  and  (3)  the  accuracy  of  methods  of 
bacterial  analyms  of  milk. 

(1)  Methods  of  controUing  the  mniiary  qucdUy  of  market  mUk. — 
During  the  past  two  yeai^,  the  Station  has  undertaken  the  sanitary 
inspection  and  control  of  the  greater  part  of  the  milk  supply  of  the 
City  of  Geneva  in  order  to  test  out  the  value  of  the  methods  of  con- 
trol which  have  been  developed  in  connection  with  the  experimental 
work.  By  agreement  with  the  two  local  milk  companies,  the  dairy- 
men and  the  local  and  state  boards  of  health,  the  Station  has  under- 
taken a  laboratory  inspection  of  the  milk  received  at  the  two  milk 
stations  and  the  finding  have  been  used  as  a  basis  of  payment  to  the 
dairymen  and  as  a  means  of  controlling  the  millf  supply.  The  infor- 
mation secured  from  the  laboratory  analyses  has  been  supplemented 
by  that  secured  from  visits  to  the  farms.  Special  analyses  have  been 
made  in  order  to  discover  the  sources  of  trouble  wherever  time  per- 
mitted or  there  were  indications  that  the  results  would  be  valuable. 
In  this  way  the  finding  from  the  studies  made  at  the  Station  have 
been  compared  and  contrasted  with  conditions  met  with  in  the  field. 
A  preliminary  report  on  this  work  will  be  ready  for  pubUcation  durii^ 
the  coming  ^^oax. 
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(2)  The  infiuence  of  varioue  bam  fadarB  upon  the  bacteridlogicat 
qaidily  of  mtli. —  The  particular  phase  of  this  general  problem  which 
baa  occupied  the  atteotion  of  these  dividons  during  the  past  year 
has  been  the  importance  of  machine  milkers  as  sources  of  bacteria 
in  milk.  The  work  has  progressed  far  enough  to  show  that  they, 
like  other  dairy  utensils  of  similarly  complicated  construction 
(bottlers  and  the  Uke),  are  ordinarily  the  sources  of  a  very  lai^ 
bacterial  contamination  of  milk.  Methods  of  cleaning  and  sterilizing 
these  machines  are  now  being  studied  and  it  has  been  found  that  they 
can  be  completely  sterilized  (except  for  an  insignificant  contamination 
from  the  air)  by  using  steam  for  the  metal  parts  and  a  solution  of 
chloride  of  lime  for  the  rubber  parts.  It  is  believed  that  the  methods 
used  are  capable  of  being  so  simplified  that  results  very  nearly  as 
good  can  be  obtEuned  by  any  intelligent  farmer.  The  next  experi- 
meats  made  will  be  carried  out  in  an  efi'ort  to  determine  whether  or 
not  this  behef  is  justified. 

The  value  of  having  joined  efforts  with  the  Ulinois  Station  in 
this  general  study  of  the  sources  of  the  bacterial  contamination  of 
milk  has  been  shown  by  preliminary  publications  from  the  latter 
Station  during  the  past  year  dealing  with  the  importance  of  dairy 
utensils  as  causes  of  trouble  and  of  publications  which  corroborate 
the  findings  previously  published  from  this  Station  in  r^;ard  to  the 
relative  unimportance  of  dust  in  the  stable  air,  special  methods  of 
wi[nng  the  udder  and  of  cleaning  the  cows,  and  interior  finish  of  the 
stable  as  sources  of  bacterial  contamination  (^  milk.  As  a  result  of 
all  of  these  studies  upon  stable  saoitation,  a  trial  form  of  dairy  score 
card  has  been  drawn  up  which  is  now  being  used  at  the  Illinois 
Station  in  a  practical  way  in  order  to  determine  its  value. 

(3)  The  accuracy  of  present  methods  of  bacterial  analysis  of  milk. — 
The  increasing  use  of  the  bacterial  count  in  this  State  as  a  means  of 
grading  milk  makes  studies  of  the  accuracy  of  the  results  h^hly 
desirable.  From  the  beginning  bacteriologists  have  recognised  the 
great  difficulties  involved  in  getting  an  accurate  count  of  objects 
as  minute  as  bacteria,  especially  as  these  occur  at  times  in  incredible 
numbers.  The  methods  which  have  been  used  in  making  these 
counts  have  been  indirect  ones  based  upon  the  grow^  of  the  bacteria 
into  colonies  visible  to  the  naked  eye.  It  has  been  recognized  that 
there  were  certain  possible  ^rors  in  the  counts  which  would  tend  to 
make^the  numbers  too  low;  but  no  method  of  measurii^  the  amount 
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d  the  errors  has  ever  been  devised  until  recently.  The  cctotb  have 
been  controlled  as  well  as  could  be  done  by  the  adoption  of  standard 
methods  of  analysis  and  the  counts  secured  have  agreed  fairly  well 
when  made  by  trained  workers  uong  satisfactory  methods  of 
analysis. 

The  common  use  of  this  technique  in  control  and  commercial 
laboratories,  where  tens  of  thousands  of  samples  of  milk  are  handled 
yearly,  has,  however,  caused  various  modifications  and  simplifications 
of  the  methods  of  analysis  to  be  brought  into  use  and  the  question 
has  arisen  whethtt  the  results  secured  are  accurate  enough  so  that 
the  farmer  and  dealer  can  depend  upon  them.  As  a  result,  this 
Station  joined  with  four  New  York  City  laboratories  in  carrying 
out  the  most  extensive  aeries  of  comparative  analyses  which  has 
ever  been  attempted;  and  the  findings  were  published  by  the  U.  S. 
Public  Health  Service  in  Pubhc  Health  Reports  for  Ai^ust  13,  1915. 
These  findings  were  not  altogether  reassuring  to  the  farmers  and 
dealers  and  showed  the  necessity  for  further  studies.  These,  the 
Station  has  undertaken  both  at  Geneva  and  also  in  cooperation  with 
the  Department  of  Dairy  Industry  of  the  State  Collie  of  Agricul- 
ture and  the  work  is  in  progress  at  the  present  time.  A  discussion 
of  one  of  the  souFcee  of  error  hss  been  published  during  the  year  as 
Techmcal  Bulletin  No.  53. 

The  recent  development  of  microscopical  methods  of  counting 
bacteria  in  milk  (the  work  having  been  done  largely  at  this  Station) 
permits  comparative  analyses  to  be  made  from  which  it  will  be 
possible  to  determine  the  amount  of  the  errors  in  the  count  and  their 
causes  much  more  accurately  than  has  ever  before  been  posuble. 
A  description  of  this  method  of  counting  has  been  publidied  during 
the  year  as  Technical  Bulletin  No.  49.  A  description  of  the  technique 
has  also  been  incorporated  in  the  report  of  the  official  standard 
methods  of  bacterial  milk  analysis  adopted  tentatively  by  the 
American  Pubhc  Health  Association. 

SoilJUrra  studies. —  In  spite  of  the  advances  in  knowledge  re^trding 
the  microorganisms  which  live  in  the  soil,  no  comprehensive  attempt 
has  been  made  to  classify  the  microorganisms  therein  or  to  learn 
theur  r^tive  abundance  and  distribution.  The  Station  has  been 
undertaking  this  work  for  the  past  five  years  and  two  technical 
bulletins  dealing  with  owtain  phases  of  the  studies  have  been  issued 
during  the  past  year.    A  general  report  -discussing  all  of  those 
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.  which  can  be  studied  by  the  ordinaiy  bacteriolt^oal 
methods  ia  now  b»ng  prepared  and  will  be  issued  in  a  series  of 
technical  bulletins.  The  results  secured  indicate  that  the  methods 
used  have  probably  disclosed  the  laJ^er  part  of  the  most  important 
acA  organisms,  thou^  this  is  far  from  being  certain.  Three  main 
groups  of  organisms  have  been  recognised:  (1)  Loi^,  rod-shaped, 
qxwe-forming  bacteria,  (2)  a  group  of  organisms  sometimes  regarded 
as  bacteria  and  sometimes  as  true  fungi,  known  technically  as 
Actinomycetes,  and  (3)  the  group  of  nos-epore-forming  bacteria. 
In  Technical  Bulletin  No.  51,  it  has  been  shown  that,  while  the  spore- 
forming  bacteria  are  always  present  in  soil,  formii^  about  6-10 
per  ct.  of  the  colonies  on  agar  plates,  there  ia  good  reason  for  bolicviag 
that  they  exist  in  norma]  soil  only  as  spores  and  that  they  are  there- 
fore not  ordinarily  active  in  soil.  This  finding  is  conbary  to  what 
has  generally  been  assumed,  as  it  has  been  thought  that  they  were 
active  ammonifieis  in  soil  and  therefore  very  important  agents  in 
the  decay  of  organic  matter  in  the  soil.  The  Actinomycetes  have 
been  found  to  be  more  abundant  in  sod  soils  than  in  cultivated  soils 
(Technical  Bulletin  No.  52),  ordinarily  forming  about  30-40  per  ct. 
of  the  colonies  on  plates  from  sod  soil  and  only  16-30  per  ct.  of  the 
ct^nies  from  cultivated  soil.  Because  of  their  association  with 
grass  roots,  it  has  been  suggested  that  they  are  the  organisms  which 
are  active  in  causing  the  decay  of  dead  grass  roots.  A  study  of  the 
classification  of  these  organisms  has  thus  far  revealed  a  Burprisingly 
large  number  of  different  types,  about  70.  New  methods  have  been 
devdoped  for  this  study  which  it  is  hoped  will  permit  a  satisfactory 
dassification  of  them  to  be  made.  Further  knowledge  of  this 
obscure  and  little  known  group,  which  apparently  is  very  important 
in  soil  activities,  is  greatly  needed.  It  is  the  group  which  contains 
the  organism  causing  potato  scab  as  well  as  some  organisms  which 
cause  diseases  of  animals,  one  of  the  more  important  of  which,  from 
the  agricultural  standpoint,  is  the  one  causing  lumpy  jaw  of  catttc. 
The  group  of  non-^x>re-forming  bacteria  has  been  found  to  be  the 
moat  abundant  of  all  bacteria  in  soil,  apparently  the  most  active, 
and  tiienfore  probably  the  most  important  of  all.  However,  thus 
far  th^  have  proved  to  be  very  difficult  to  study  in  any  way  which 
win  show  how  many  kinds  there  are  or  what  their  function  is  in  soil. 
No  meUiodB  have  yet  been  devised  which  ^ve  any  real  Icnowledge 
inicgard  to  tfwae  points. 
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Stable  and  mOk  sanitalimi Jllinois  Agrioultural  ExperimoitSlatioa, 

UrbuiB,  m. 

Methods  of  counting  bacteria  in  milk State   College  <rf  Agrieultuie,   Ittiacft, 

N.  Y. 
Methods  of  controlling  the  8aiutu7  qiudity 

of  market  milk White  Springs  Farm  Daily  Co., 

GoievB  Milk  Company, 
Genera  Board  of  HeJth,  and  about  40 
dairymen  in  the  vicinity  ol  Getteva. 

BOTANICAL  DIVISION. 

Tree  crickets  as  carriers  of  parasitic  fungi. —  In  earlier  work  of  the 
StatiOD  it  has  been  ahown  that  the  areas  of  dead  bark  suixouDd- 
ing  the  ovipositioD  puncturee  of  tree  crickets  on  apple  branches  are 
often  caused  by  the  fungus  of  raspberry  cane-blight,  Xjeptoaphaena 
coniothyrivm.  Naturally,  the  suspicion  arose  that  tree  crickets 
cany  the  spores  of  the  fungus.  This  suspicion  has  now  become  an 
established  fact.  It  has  been  shown  that  they  may  carry  the  cane- 
blight  fungus  from  raspberries  to  apple  trees  and  infect  them;  also 
that  they  carry  within  the  digestive  tract  and  on  the  outside  of  their 
bodies  spores  of  many  other  kinds  of  fungi.  Spores  and  fragments 
of  mycelium  of  many  kinds  of  fimgi  have  been  found  in  the  excre- 
ment of  tree  crickets  captured  in  the  field  and  in  the  excrement 
covering  their  oviposition  punctures. 

By  means  of  feeding  experiments  it  has  been  proven  that  the 
spores  of  fui^  causing  such  diseases  as  corn  smut,  raspberry  cane- 
bhght  and  the  blister  canker  and  black-rot  canker  of  apple  trees 
may  pass  through  the  digestive  tract  of  tree  crickets  without  loss  of 
viability.  Also,  typical  apple  cankers  have  been  produced  by  feed- 
ing ta-ee  crickets  on  raspberry  cane-blight  fungus  and  then  peimitting 
them  to  oviposit  on  apple  branches. 

This  work  was  done  in  cooperation  with  the  Entomological 
Division.  The  resulte  have  been  published  in  Technical  Bulletin 
No.  50. 

lAmestdpkur  solution  versus  bordeaux  mixture  for  potatoes. —  Each 
summer  during  five  consecutive  years  an  experiment  was  made  in 
which  lime-sulphur  solution  and  bordeaux  mixture  were  compared 
as  to  their  efiBeiency  in  the  spraying  of  potatoes.  The  bordeaux 
oiixture  proved  superior  in  every  case.  Its  use  resulted  in  an 
average  increase  in  yield  (over  the  check)  of  6S.6  bushels  of  market- 
able tubers  per  acre;  while  from  the  use  of  lime-sulphur  solution  there 
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was  an  average  decreaae  of  25.8  bushels  per  acr«.  In  all  five  s 
the  lime-sulphur  solution  caused  injury  to  the  foliage.  Only  in  tho 
last  season  of  the  experiment  was  there  an  opportunity  to  test  the 
effect  of  the  two  mixtures  on  late  blight.  Bordeaux  mixture  ohooked 
it  very  materially  but  lime-sulphur  solution  not  at  all  (hearty 
lime-sulphur  solution  should  not  be  used  for  spraying  potatoes. 

The  degeneration,  or  "  running  otU,"  of  potatoea. —  The  BO-oalled 
"  running  out  "  of  potatoes  is  usually  due  to  certain  obscure  diseasea 
or  forms  of  degeneration  known  as  leaf-roll,  curly-dwarf,  mosuo 
and  spindling-sprout.  For  the  purpose  of  increasing  our  knowledge 
of  these  diseases  a  large  number  of  potato  plants  of  known  parentage 
were  kept  under  close  observation. 

One  striking  feature  of  the  study  was  the  frequency  with  which 
the  progeny  of  plants  having  normal  foliage  and  high  yield  suddenly 
degenerate  into  worthless  dwarfs  affected  with  some  one  of  the 
diseases  above  named.  From  this  it  appears  doubtful  if  any  method 
of  seed  selection  will  prevent  the  "  running  out  "  of  potatoes  undw 
certain  conditions. 

In  general,  plants  from  different  tubers  of  the  same  plant  are 
similar;  also  plants  from  different  eyes  of  the  same  tuber  usually 
resemble  each  other  closely;  but  exceptions  to  both  rules  are  frequent. 
Various  combinations  of  normal,  mosaic,  leaf-roll  and  curly-dwarf 
plants  may  be  obtained  from  the  several  eyes  of  one  tuber. 

Although  the  cause  of  none  of  the  diseases  was  determined,  the 
conclusion  was  reached  that  leaf-roll,  mosaic  and  curly-dwarf  are 
very  closely  related  disorders.  AH  three  are  transmitted  through 
the  seed  tubers,  and,  apparently,  are  not  communicated  in  any  other 
way.  Spindling-fiprout  ia  not  correlated  with  the  other  diseases. 
Whether  this,  also,  is  an  hereditary  disorder  has  not  been  determined. 

Field  work. — -An  experiment  on  the  mosaic  disease  of  potatoes, 
is  being  conducted  on  Mr.  Sirrine's  farm  at  Riverhead  in  cooperation 
with  Mr.  W.  A.  Orton,  of  the  United  States  Department  of  Agri* 
culture. 

CHBHICAL  DIVISION. 
Chemical  (MnQea  in  souring  milk. —  In  studying  the  chemical 
changes  that  take  pUce  m  the  souring  of  milk,  it  is  found  that  in 
60  bouis  about  22  per  ct.  of  the  milk-sugar  is  changed  by  the  lactic 
add  bacteria,  88.5  per  ct.  of  the  amount  so  changed  being  converted 
into  laetie  acid.    Citric  add  completely  disappears.    The  insoluble 
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inorganic  constitueote  of  the  fresh  milk  are  made  Btduble  by  the 
lactic  acid,  the  latter  passing  into  combination  mainly  as  calciom 
lactate.  Albumin  of  sour  milk  passes  through  a  porcelain  filter 
completdy.  Calcium  caseinate  is  changed  into  free  protein  and 
precipitated.  Most  of  the  change  of  milk-sugar  occurs  between  the 
10th  and  24tb  hours.  When  the  amount  of  lactic  acid  reaches  0.7 
per  ct.,  the  bacterial  activity  is  muchj«duced.  The  acidity  incteases 
most  rapidly  during  the  first  24  hours,  the  rate  of  increase  diminish- 
ii^  after  that.  The  acidity  of  the  s^^mi  increases,  owing  to  increase 
of  lactic  acid.  In  the  insoluble  portion  of  the  milk  the  acidity  is  due 
to  free  casein.  Calcium,  combined  as  dicalcium  phosphate  in  milk, 
goes  into  solution  completely  in  13|  hours,  forming  acid  calcium 
phosphate.  Calcium  combined  as  casdnate  is  acted  upon  more 
slowly,  complete  solution  requiring  about  24  hours.  The  amount 
of  albumin  nitn^n  in  soimi  increases  with  increase  of  acidity;  all 
the  albumin  of  the  milk  appears  in  the  serum  in  about  14  hours. 
These  investigations  are  discussed  in  Technical  Bulletin  No.  48. 

The  viUizaHtm  of  inonte  by  the  animal  organism. —  Phytin  is  a  some- 
what important  compound  found  in  our  cereal  grains,  of  which 
inoeite  is  a  constituent  part,  la  studyii^  the  rdle  of  this  inosite- 
bearing  body,  it  seemed  desirable  to  determine  the  fate. of  in(»ite 
itself  in  the  animal  onanism. 

Experiments  with  dogs  showed  that  inosite  is  not  used  by  this 
animal  to  any  great  extent. 

When  taken  by  man  at  the  rate  of  a  half  gram  per  kilogram  of 
body  weight,  it  had  no  effect  upon  the  general  metabolism.  About 
nine  per  ct.  of  it  appeared  m  the  urine,  but  none  in  the  feces. 
Jtist  what  happened  to  the  91  per  ct.  not  eliminated  through  these 
two  channels  was  not  determined.  For  details  of  these  ^cperi- 
ments  those  mterested  are  referred  to  Technical  Bulletin  No.  64. 

A  thidy  of  the  volatile  oila  tn  the  urine  of  cows,  gooia,  horses  and 
human  beings. — The  volatile  oils  that  may  be  isolated  from  the 
urine  of  the  several  species  of  animals,  including  man,  have  been 
investigated  comparatively  little. 

Such  oils,  as  isolated  from  the  urine  of  the  animals  mentioned  in 
the  heading,  have  been  given  considerable  attention  in  our  labor- 
atory and  pr<%ress  made  in  determining  their  chemical  nature. 
They  ^pear  to  vary  with  the  season  and  the  available  food  supply. 
Kscussion  of  these  studies  appears  in  Technical  BuOetin  No.  55 
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/■■pedum  analyaea. —  Duiing  1916,  650  sampleB  of  fertiUiera  weie 
aoalyaed.  There  w&te  234  samplee  of  complote  fertiliiers;  218 
8am{deB  <^  mixed  fertQisere,  oontaiDing  nitrogeii  and  phosphoric 
add;  70  samples  of  acid  pboephate;  28  samples  of  calcium  or  lime 
ccMupouods;  32  samples  ot  bone;  15  samples  of  tankage;  10  samples 
of  nitrate  of  soda;  10  samples  of  dried  animal  manures;  and  a  sniall 
number  of  samples  each  of  blood,  dissolved  bone,  mixtures  of  phos- 
I^Kmc  acid  and  potash,  insoluble  phosphoric  acid  materials,  ashes, 
prbage  tankage,  ground  fish,  soot,  stone-meal,  mixtures  of  nitrogen 
and  inscduble  phosphoric  acid;  and  mixtures  of  calcium  compounds 
and  phosphoric  acid. 

During  the  year  1916, 1015  samples  of  feeding-stuffs  were  analysed. 
There  were  45  samples  of  cottonseed  meal,  13  of  linseed  meal,  13 
ot  malt  sprouts,  14  of  distillers'  dried  grains,  5  of  yeast  or  vin^ar 
dried  grains,  11  of  brewers'  dried  grains,  12  of  corn  gluten  feed,  1 
lA  com  ^uten  meal,  29  of  hominy  feed,  117  of  compounded  feeds, 
133  of  molasses  compounded  feeds,  95  of  compounded  poultry 
foods,  12  of  calf  meals,  54  of  animal  products,  23  of  alfalfa  meal, 
130  of  wheat  bran,  114  of  wheat  middlings,  65  of  wheat  bran  and 
wheat  middlings,  8  of  wheat  bran  and  low-^rade  wheat  fiour,  60  of 
buckwheat  products,  3  of  ground  com  and  oats,  7  of  wheat  bran  and 
com  by-products,  3  of  wheat  middlings,  rye  middlings  and  ground 
screenings,  13  of  com  feed  meal,  15  of  rye  by-products,  5  of  ground 
^,  and  18  of  misceliaoeous  mixtures. 


SNTOUOLOOICAL  DIVISION. 

Plant  Uce  ivjttrious  to  apple  orcfiorda. —  Injurious  as  are  several 
species  of  aphides  to  apple  orchards,  there  was,  prior  to  this  study, 
a  lack  of  detailed  information  as  to  their  activities  as  fruit  pests  and 
(rf  practical  measures  for  the  prevention  of  losses  to  fruit  yields. 
Of  the  three  aphides  that  attack  apple  foliage  and  fruit  the  rosy 
^his  (Aphis  aorln  Kalt.)  is  the  most  injurious  epeciea,  although 
the  associated  forms,  the  green  apple  aphis  (Aphis  pomi  De  Geer) 
and  the  oat  aphis  (Aphis  avena  Fab.)  are  capable  of  causing  harm. 
The  rosy  ^his,  when  abundant,  produces  small  deformed  apples 
commonly  known  to  orchardists  as  "  aphis  apples  "  which  for  the 
most  part  have  no  value.  Studies  on  the  life  history  and  habita 
of  diis  apeciefi  show  that  it  breeds  on  apple  trees  during  May,  June 
_  and  eariy  July.    During  the  two  latter  months  willed  forms  are 
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produced  which  mifp-ate  to  vaiious  Bpecies  of  plantainB.  On  these 
weeds  the  rosy  aphis  exists  until  autuum  when  it  again  seeks  apple 
trees.  Experiments  with  the  insect  to  determine  ita  influence  on 
the  development  of  the  young  fruit  indicated  that  inhibition  of 
the  growth  of  the  apples  varied  largely  according  to  the  extent  of 
infestation.  In  general  the  rate  of  development  was  in  inverse 
proportion  to  the  degree  of  infestation  —  the  larger  the  number  of 
aphides  the  smaller  the  size  of  the  affected  fruit.  Of  forty-nine 
apples  expcsed  to  attack  by  the  rosy  aphis  only  two  fniita  were  at 
the  end  of  the  growing  season  of  marketable  size  aud  shape,  while 
many  of  the  apples  besides  being  undersized  were  also  one-sided  or 
otherwise  deformed.  All  checks,  thirty-one  in  number,  were  normal 
in  shape  and  ranged  from  2i  to  3|  inches  in  diameter.  Besides 
the  obvious  shrinkage  in  fruit  yields  from  the  so-called  "  aphis 
apples  "  it  is  apparent  from  these  figures  that  growers  may  sustain 
more  or  less  important  losses  from  attacks  of  the  insects  which, 
while  not  serious  enough  to  render  apples  unsalable,  nevertheless 
prevent  them  from  attaining  maximum  size. 

On  the  basis  of  experiments  conducted  by  this  Station  the  most 
promising  means  of  combating  the  aphides  is  a  thorough  spraying  of 
the  trees  at  the  time  when  the  insects  are  assembled  on  the  ends  of 
the  buds  showing  green  and  white  the  buds  are  compact  and  the  tips 
of  the  unfolding  leaves  are  barely  showing.  Complete  directions 
for  the  spraying  of  apple  trees  as  well  as  an  account  of  the  results 
of  the  biological  studies  to  date  are  given  in  Bulletin  No.  415  of  this 
Station. 

Catibage  maggot :  Biology  and  control. —  Bulletin  No.  419  contains 
the  resultfi  of  studies  on  the  life  history  and  habits  of  the  cabbage 
maggot  for  a  period  of  eight  years  and  data  on  the  effects  of  weather 
and  of  different  crops  on  its  numbers  as  well  as  on  its  susceptibiUty 
to  certain  control  measures.  The  cabbage  m^got  is  a  northern 
insect  and,  like  its  host,  attains  maximum  development  in  a  cool, 
moist  climate.  Studies  on  the  Ufe  history  of  the  pest  show  that 
when  conditions  are  favorable  there  are  at  least  three  broods  and 
perhaps  a  partial  fourth  brood.  However,  the  summer  temperatures 
that  frequently  occur  during  July  and  August  in  western  New  York 
are  unfavorable  to  the  normal  development  of  the  insect,  and  seem 
to  cause  a  retardation  which  may  last  until  the  weather  becomes  cool. 
High  temperatures  affect  the  insect  both  directiy  and  indirectly.  « 
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The  roote  of  cabbage  and  other  cruciferous  plants  become  tough  and 
woody  at  the  appearance  of  hot  weather,  so  that  the  larvs  grow 
very  slowly.  Also,  it  appears  that  the  weather  may  directly  infiuence 
the  pupal  stage  and  that  this  period  may  be  lengthened  or  shortened 
so  that  the  insect  may  be  one-,  two-  or  three-brooded.  This  situation 
has  been  interpreted  in  the  same  way  as  that  outlined  by  various 
writers  for  the  Hessian  fly,  which  is,  namely,  that  high  temperature 
or  severe  drought  causes  a  retardation  of  the  developing  larvse  and 
pups.  It  is  probable  that  the  optimum  temperature  for  the  develop- 
ment of  the  pupte  is  around  80°  F.  for  the  average  maximum 
temperature  and  55°  for  the  minimiim. 

The  control  work  has  been  mainly  directed  to  perfecting  the 
method  of  growing  cabbage  seedlings  under  cheesecloth  for  the  pro- 
tection of  young  plants  in  districts  devoted  to  the  cultivation  of 
late  varieties  of  cabbie.  In  localities  where  injuries  are  con- 
fined to  seed-beds  the  use  of  cheesecloth  has  proven  a  practical 
and  economical  means  of  preventing  loss.  In  addition  to  protection 
from  injurious  insects  cheesecloth  helps  to  conserve  the  moisture 
and  prevents  the  soil  from  becoming  encrusted.  Plants  raised  in 
screened  beds  grow  faster  during  most  seasons  and  attain  the  size 
desired  for  transplanting  eooner  than  plants  in  open  beds.  The 
extra  cost  of  protecting  plants  by  this  method  ranges  approximately 
from  six  to  twenty  cents  pa-  thousand,  and  in  the  opinion  of  farmers 
this  additional  outlay  is  more  than  met  by  the  saving  in  seed  over 
the  old  method  of  growing;  seedlings.  For  the  protection  of  early 
cabbage  tar  pads  attached  about  the  collars  of  the  plants  have  proven 
the  most  efficient  aud  economical  method  for  the  prevention  of  losses. 

MitceUaneoua  notea  on  injurioua  ituects. —  Bulletin  No.  423  deals 
briefly  with  a  number  of  insects  which  are  generally  of  minor  impor- 
tance, though  cert^n  of  them  reveal  harmful  potentialities;  and 
other  species  are  sufficiently  numerous  in  occasional  years  to  cause 
considerable  damage.  The  most  important  species  discussed  are 
the  orchard  ^*mine  moths  {Yponomeuta  malineUvs  Zell.  and 
Y.  padeUus  L.)  which  are  very  destructive  fruit  peste  in  Europe. 
Espedal  importance  is  attached  to  the  insects  at  this  time  since, 
in  ^ite  of  previous  warnings  by  this  Station,  they  are  b^og  intro- 
duced in  greater  numbers  than  ever  before.  The  largest  importation 
in  a  nngle  year  was  noted  in  1915  when  over  three  thousand  seedlings 
infested  with  ermine-moth  neets  weste  detected  in  more  than  a 
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dosen  localities  widely  distributed  in  the  fruit  r^ons  ot  western 
New  York.  As  there  is  danger  of  the  permaueat  establishment 
of  these  peetB,  horticultural  inspectors  and  fruit  growers  alike  should 
be  alert  to  the  importance  of  rec<%nizii^  and  combating  them 
on  their  first  appearance.  Observations  on  the  larval  activities 
on  apple  are  in  accord  with  those  of  foreign  writers  upon  the  species 
attacking  this  host.  The  leaf-weevil  {Arutmetia  granidata  Say)  is 
recorded  as  being  present  in  destructive  numbers  in  plantings  of 
youi^  peach  trees  in  Niagara  County.  The  insects  ate  opening  buds 
and  margins  of  unfolding  leaves.  Injurious  outbreaks  are  also  noted 
for  the  lesser  peach  borer,  the  linden  cankerworm  and  the  goose- 
berry fruit-worm.  In  an  effort  to  correlate  the  difiFerent  green 
fruit  worms  on  apple  with  the  moths  of  the  various  species,  one  form 
(Graphiphora  alia  Guen^),  which  belongs  to  a  group  not  known 
heretofore  to  contain  noxious  insects,  proved  to  be  quite  common  and 
destructive  to  young  apples. 

Leaf  weeoH  {Polydrusus  im-pressifrona  Gyll.). —  Technical  Bulletin 
No.  S6  is  an  account  of  an  imported  species  of  leaf-weevil  which  was 
recently  discovered  in  the  State  of  New  York  where,  in  certain 
localities,  it  has  become  very  abundant.  The  beetle  apparently 
manifests  a  choice  for  willows,  poplars  and  birches.  It  causes  damage 
to  plants,  by  nibbling  the  devdoping  buds  of  budded  and  grafted 
stock  and  attacking  the  foUage  and  succulent  tissues,  as  stems  of 
newly-unfolded  leaves  and  stalks  of  terminal  growth.  The  gouging 
of  tender  tissues  is  not  infrequently  attended  by  severing  of  leaves 
and  destruction  of  tips  of  shoots.  The  life  stages  and  habits  of  the 
beetle  have  been  car^ully  studied  and  are  described  for  the  first 
time  with  considerable  detail.  The  weevil  is  attacked  by  at  least 
one  parasite,  which  proves  to  be  a  new  species  (A  braconid  of  the 
genus  Dio»pilus  Haliday.  Protection  from  the  leaf-weevil  is  obtained 
by  applications  of  arsenicals  at  standard  strengths. 

Cherry  leaf-heetle. —  This  species,  which  suddenly  developed  to 
enormous  numbers  during  1915  and  1916  and  seriously  attacked 
various  stone  fruits,  principally  the  cherry,  is  the  subject  of  Circular 
No.  49.  This  is  a  popular  treatise,  illustrated  with  two  plates,  in 
which  the  different  stages  are  described  and  figured  and  the  seasonal 
history  is  discussed.  On  the  basis  of  some  preliminary  experiments 
by  this  Station,  brief  directions  are  given  as  to  the  most  efficient 
methods  for  the  prevention  of  injuries. 
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Feriodieal  deada  in  1916. —  Circular  No.  SO  was  prepared  to 
notify  orchardistB  of  the  probable  occurrence  of  the  cicada  during 
1916  and  to  solicit  information  as  to  dates  of  appearance,  distribution 
and  local  importance.  The  chief  point  of  interest  noted  in  the 
reappearance  of  the  species  was  the 'occurrence  of  great  nombers  of 
the  o'eatures  in  old  apple  orchards  generally,  growing  north  of 
Victor,  where  considerable  damage  was  done  to  both  apples  and 
peaches  as  a  result  of  oviposition. 

Some  insects  attadcing  the  ■pear  and  their  conirol. —  Circular  No.  51 
was  originally  {Hepared  for  a  pubhcaUon  for  the  New  York  State 
Department  of  Agriculture  and  was  reprinted  by  this  Station  without 
change  in  text.  It  is  a  brief  compendium,  dealing  with  the  more 
destnictiTe  insects  tA  the  pear,  in  which  chief  ^nphasis  is  placed  on 
Boch  species  as  the  sinuate  borer,  the  peu-  thripe  and  the  pear  peylla. 

CooFcKATm  ExnBiNom. 
Natuhm  of  Acnrnr.  Coopkkatob.  Logatioii. 

CoBtnl  of  p«ar  tbripB A.  W.  Horcr  A  Bro Gcmuntoira. 

W.  Ten  Broeck Hucbon. 

Cbtrtnl  c^  pew  midge W.  Tm  Broeck Hudwo. 

CbBtool<'pMr  pRjrllB OaweioCSD.  Fann  BureMi, 

E.  Victor  Underwood,  Mgr 0*w«go. 

David  EoM Omrtga. 

Eugene  Shddoo 0*wcgo. 

EVank  Place OwwtfO- 

C.  B.  Dnter Otmgo. 

Ottrer  Bobai|e Orwrsa. 


William  RutUn 

Jotm  CritM 

Balph  Pkcoe Oiwt%o. 

F,  Pro^iv ','...-.,,'--.,  H  - ..,'  H ,  Onrcgo, 

W.  H.  Clift Oiwego. 

-D.  A.  Grwmdd Ofwega. 

D.  D.  Stcne Otwtgo. 

W.  S.  Bupcl7« Onrago. 

E.  J.  L«nM HurnOMl. 

W.B-Han HannaiaL 

B.  B.  MEdcn HuntibaL 

UiddkwKMl  Ftonw Variefc. 

C.  a  Balibidce  ft  Son Kcodaia. 

Tan  ^«pa  ft  Sanronl Genera. 

FndE 
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Navosm  o9  AcnviTi.  CoomuTOB.  Looaiion. 

Ci»tTol  <d  qiple  tphidw E.  S.  GiSord Gaaport 

Q.  D.  TabOT Wflaon. 

B.  S.  Hanrood AppletoD. 

P.  L.  Bukiu Oloott. 

H.  H.  Freemtui Emt. 

John  I«rwDod An>ioo. 

idbn  Beckwith I^ndcmvOle. 

H.  B.  Gibeon Albioa. 

O.  E.  Snyds AlWon. 

I^nn  Burrom Albion. 

J(Am  Beckwith Daaster. 

Mn.  Ida  LaBo' Albbn. 

Mazwcfl  Brae Geneva. 

CiHitiol  ot  cherry  aphia MoKn  Broa OAera. 

CoDtJol(rfcnuibeny»oale...     R.  C.  Bromi Hivertiead. 

HORnCULTDBAL  DIVISION. 
New  or  ruOeworthy  fruits.  IV. —  All  interested  in  better  fruitfl 
should  welcome  new  varieties.  No  one  of  our  fruite  is  yet  perfect; 
■  and,  until  perfection  be  attained,  new  varieties,  better  in  one  or  more 
characters,  are  well  worth  their  cost  for  the  progress  they  make  in 
the  development  of  fruit.  If  the  multipUcation  of  kinds  helps  to 
evolve  more  perfect  fruits,  what  matter  if  many,  even  most,  new 
fruits  turn  out  to  be  unprofitable  in  dollars  and  cents?  The  little 
time  and  expense  needed  to  apply  the  test  of  fitness  to  a  new  fruit  is 
a  cheap  price  to  pay  for  the  development  of  better  fruits.  Again, 
there  is  profit  in  growing  many  varieties  for  variety's  sake.  In  the 
business  of  growing  fruit  a  multitude  of  varieties  is  needed  for  a 
multitude  of  consumeis;  dessert  and  culinary  requirements  are 
many  and  are  not  nearly  met  by  the  niggardly  assortment  which 
comm^^ial  fruit-growers  are  now  putting  on  the  markets.  A  greater 
variety  from  which  to  choose  would  further  the  enjoyment  and  the 
consumption  of  fruits. 

Unfortunately,  neither  time  nor  money  suffices  for  the  fruit- 
grower to  determine  for  himself  the  merits  of  all  of  the  new  fruits. 
This  Station  attempts,  as  far  as  it  is  able,  to  do  this  for  him,  and  from 
year  to  year  bulletins  are  published  to  show  what  fruits  on  the  Station 
grounds,  either  novelties  or  old  sorts  now  neglected,  are  sufficiently 
noteworthy  to  deserve  the  attention  of  fruit-growers.  In  Bulletin 
No.  414,  the  fourth  in  this  series,  are  discussed  the  Perfect  apple, 
Rochester  peach,  Reine  Hortense  cherry,  Empire  State  grape  and 
Herbert  raspberry. 
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Nod  ot  noteuxiTihy  fruit$.  V. —  In  Bulletin  No.  427  is  pyeo  a 
fifth  report  on  new  or  noteworthy  fruits  grown  on  the  grounds 
(rf  the  New  York  Agricultural  Experimeot  Station.  The  purpose 
<^  this  series  of  bulletins  is  to  call  attention  to  the  best  recent 
&uit-introductions  or  to  an  old,  deserving  variety  of  merit  at 
present  but  little  grown.  In  the  introductory  remarks  emphasis 
is  laid  on  the  fact  that  varieties  do  not  grow  equally  well  in 
aB  soils  and  climates,  and  that  a  sort  succeeding  in  one  place 
may  fail  in  another  locality.  The  objects  of  growing  many  varieties 
on  the  Station  grounds  are:  To  make  certain  whether  each  is  distinct; 
to  tell  relative  time  of  blooming,  leafing,  ripening,  and  maturity  of 
plant;  to  determine  earlinees  or  tardiness  in  coming  in  bearing;  to 
aacertain,  to  some  extent,  susceptibility  to  insect  and  fungus  pests; 
to  determine  for  what  purpose  varieties  are  best  adapted;  to  make 
full  and  complete  descriptions  for  purpose  of  identification;  to  make 
it  possible  to  state  what  vuieties  succeed  on  the  soil,  under  the  climate 
and  with  the  treatment  given  them  on  the  Station  grounds.  Report 
is  made  {A  the  number  of  fruits  growing  on  the  Station  grounds. 

Following  this  discussion  various  fruits  thought  to  be  worthy  of 
attention  ese  described.  These  are  the  J.  H.  Hale  and  the  Pearson 
peaches,  the  Mirabelle  plums,  the  Empire  raspberry  and  the  Good 
Luck  strawberry. 

Some  notea  on  the  breedtTig  of  raspberriea. —  Bulletin  No.  417  dis- 
ciffises  some  of  the  results  secured  in  nearly  a  quarter  of  a  century 
oi  raspberry  breeding  at  this  Station.  At  first  the  work  was  lately 
confined  to  the  red  raspberry  and  a  number  of  excellent  seedlings 
was  secured  from  various  combinations  of  Marlboro,  Loudon  and 
Superlative.  Since  1910  greater  attention  was  paid  to  the  black- 
cap and  purple  raspberries.  About  3,300  seedlings  were  tested. 
The  breeding  of  purple  raspberries  was  undertaken  to  secure  better 
varieties  of  this  popular  sort  and  to  show,  beyond  a  doubt,  that 
these  originated  as  hybrids  of  the  black-cap  and  red  raspberry. 
Some  very  promising  seedlings  have  been  secured.  Hybrid  seed- 
lings were  produced  by  crossing  two  different  black-caps  with  the 
same  red  raspberry.  With  one  cross  the  seedlings  were  all  purple; 
unong  the  289  seedlings  of  the  other  cross  were  ten  yellows.  None 
Iffopagated  by  suckers. 

In  order  to  find  which  are  the  best  parents,  a  study  was  made  of 
the  performance  of  various  varieties.    The  record  of  Marlboro, 
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Herbert,  Cumberland  and  Smith  Ka  1,  a  seedling  black-cap  of 
imknown  origin,  is  given. 

A  study  of  the  inheritance  of  color  of  fruit  would  indicate  that 
several  of  om'  black  raspberries  are  heterozygous  for  color  and  that 
probably  several  color  factors  are  present.  The  same  thii^  holds 
for  the  red  raspberries.  Selfed  seedlings  of  Colimibian,  a  purple, 
gave  one  yellow,  one  black  and  forty  that  were  probably  varyii^ 
d^rees  of  purple.  A  black-cap  which  was  pure  for  color  produced 
only  purples  when  crossed  with  a  red  containing  a  factor  for  yellow 
but,  when  both  were  heterozygous,  bobib  yellow  hybrids  were  pro- 
duced. From  a  correlation  which  was  found  between  leaf  coloration 
and  fruit  it  would  seem  that  it  is  entirely  possible  to  tell  plants  of 
the  yellow  raspberries  from  either  the  red  or  purple  sorts  by  ihe 
absence  of  any  tinge  of  red  on  the  leaves.  It  is  probably  true  also 
that  the  bark  of  the  young  caoee  of  the  yellow  varieties  is  entirely 
lacking  in  any  touch  of  red  or  purple  color.  Glaucousness,  rough 
and  smooth  bark,  and  spines  are  seemingly  Mendelian  characters. 

Of  more  than  600  purple  raspberry  seedlings  having  Smith  No.  1 
as  the  female  parent,  all  were  standard  plantsjbut  nearly  one-third  ot 
the  289  Cumberland  seedlings  were  dwarfs.  The  factor  for  dwarfing 
is  evidently  one  of  rather  rare  occurrence. 

Some  interesting  hybrids  were  secured  when  the  Herbo't  red  rasp- 
berry and  the  Blowers  blackberry  were  pollinated  hy  the  flowering 
raspberry,  Rnbus  odoratua.  This  work  of  hybridization  will  be  c<hi- 
tinued  with  many  other  species,  of  which  there  are  now  nearly  fifty 
growing  on  the  Station  grounds. 

WiUoqf  chicory.  —  This  is  a  salad  plant  little  grown  in  America  but 
of  wide  and  extended  use  throughout  Europe.  The  leaves  forced 
from  the  dormant  roots  by  application  of  artificial  heat  constitute  an 
excellent  salad  material  for  use  during  the  winter  season.  Large 
quantities  were  imported  into  this  country  from  Belgium  and  France 
previous  to  the  war. 

Bulletin  No.  418  reports  the  results  of  studies  at  this  Station  ci 
the  culture  and  forcing  of  Witloof  chicory.  It  was  found  that 
plants  may  be  easily  grown  from  seed  under  our  usual  garden  environ- 
ment. Roots  of  a  diameter  between  one  and  two  inches  produce 
the  greater  percentf^  of  marketable  heads.  Sand  proved  an 
excellent  medium  with  which  to  cover  the  forcing  roots  in  that  it 
blanched  the  leaves  perfectly  and  promoted' the  formation  of  desirable 
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heads.  Temperatures  ran^ng  between  50^  and  60°  F.  were  found 
astisfactOTy  for  the  forcing  soil.  The  crop  harvested  warranted 
the  conclusion  that  Witloof  chicory  may  be  forced  satisfactorily 
and  profitably  in  America  either  in  greenhouses  or  cellais. 
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REPORT  OF  THE  DEPARTMENT  OF 
BACTERIOLOGY. 


COUNTING  BACTERIA  BY  MEANS  OF  THE 
MICROSCOPE.* 

BOBERT  a  BREED  um  JAMES  D.  BREW. 

SUMMARY. 

z.  The  present  bulletin  discusses  the  technique  involved  in 
Gotmting  bacteria  in  milk  and  other  substances  by  means  of  a  micro- 
scope, ijving  at  file  same  time  the  results  of  studies  which  have 
be<ni  inade  in  order  to  determine  the  sources  and  the  amoimts  of 
the  ernns  in  counts  made  in  this  way. 

2.  The  results  obtained  from  tfie  examination  of  samples  of 
ndlk  collected  in  clean  test  tubes  containing  preservatives  indicate 
diat  just  as  accurate  counts  of  the  number  of  bacteria  present  can 
be  made  frmn  such  samples  as  can  be  made  if  the  samples  are 
collected  hi  sterile  tubes  and  iced.  Under  certain  conditions  this 
method  <rf  collecting  samples  may  become  a  great  convenience. 

3.  C^»iUary  pipettes  have  been  found  to  be  more  satisfactory 
for  the  measurement  of  0.01  cubic  centimeter  quantities  of  milk 
dum  standardized  wire  loops. 

4.  Faulty  calibration  of  p^ttes  has  been  found  to  be  a  serious 
cause  of  error.  Allowance  must  be  made  for  the  a(tiiesion  of  a 
certain  quantity  of  milk  to  the  pipette  if  accuracy  of  measurement 
is  to  be  secured. 

5.  It  has  been  found  that  sterilization  of  pipettes  is  an  unnecessary 
refinement  of  technique  and  that  a  single  pqwtte  may  be  used  for 
making  preparations  from  a  long  series  of  samples,  provided  it  is 
carefully  cteaned  in  glass-cleaning  solutions  after  each  day's  use 
and  also  cleaned  by  rinsing  in  fresh  clean  tap  water  after  using 
in  each  sanqde  and  before  passing  to  the  next  sample.  Care- 
lessness in  cleaning  i^wttes  causes  marked  errors  in  counts. 

6.  Growth  of  bacteria  lias  been  found  to  take  place  in  tiie  drops 
<rf  milk  as  aey  dry  so  that  it  is  important  that  ttiese  be  prepared 
either  from  suiqiles  containing  preservatives  or  that  the  milk  be 
dried  quickly.  No  growth  was  detected  in  the  dried  films  even 
after  incubation  in  a  moist,  37°  C.  incubator  for  one  to  four  days. 

7.  The  claim  made  by  same  that  bacteria  are  removed  when  the 
Eat  drops  are  dissolved  by  solvents  does  not  seem  to  have  any 
foundation  in  fact.  The  dried  milk-solids^not-fat  appear  to  act 
as  a  fsactically  perfect  fixative,  no  detectable  meclumical  loss  ci 
bacteria  taking  place  when  die  fat  drops  are  removed.    On  the 

*A  nprint  of  Technical  Bulletin  No.  49,  February,  1016. 
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ottier  hsnd,  serious  errors  in  count  are  Introduced  where  ttie  bacteria 
are  stained  in  the  milk  before  the  dried  films  are  prepared,  because 
in  ttiis  way  the  bacteria  axe  not  always  sufficiently  stained  to  make 
it  possible  to  detect  the  full  ntunber  present.  Where  the  fat  drops 
are  left  in  the  films,  even  though  ttiese  be  spread  out  so  as  to  be  in  a 
very  Uiin  layer,  they  tend  to  obscure  bacteria  and  so  lower  the  count. 

8.  The  two  essential  conditions  for  mitlring  a  reasonably  accurate 
count  of  small  objects,  like  bacteria,  under  a  microscope  are  that 
the  objects  themselves  be  prepared  in  such  a  way  that  they  are  dis- 
tinctty  visible  and  recognizable  and  at  the  same  time  evenly  dis- 
tributed over  the  field  of  the  microscope.  These  conditions  are 
sometimes  best  secured  in  dried  films,  in  other  cases  in  liquid 
preparations. 

9.  MicroscofHcal  methods  of  examining  dried  milk-films  are  of 
value  for  two  purposes:  a.  Theymaybeusedfortherapidezamina- 
tion  of  milk  in  order  to  grade  it  according  to  its  bacterial  quality, 
botfi  the  number  and  the  character  of  the  bacteria  present  being 
taken  into  account.  A  microscopical  examination  permits  a  fairly 
accurate  guess  as  to  the  probable  plate  count  which  will  be  secured 
from  a  given  sample  of  milk.  b.  They  are  also  useful  as  research 
methods,  the  microscopical  method  being  the  only  known  method 
which  pennits  a  count  of  the  number  of  individual  bacteria. 
Microscopical  counts  of  the  number  of  isolated  individual  bacteria 
and  compact  clumps  present  in  milk  give  figures  which  compare  well 
with  those  obtained  where  petri  plate  methods  of  counting  are  used. 

INTRODUCTION. 
About  two  years  ago  the  Station  published  a  bulletin'  discussing 
the  value  of  a  previously  described  method  for  determining  the 
number  of  bacteria  in  milk.  Since  this  time  further  tests  of  this 
method  have  been  made  and  it  has  been  shown  to  have  a  real  value. 
In  these  additional  tests  much  baa  been  learned  in  regard  to  the  most 
convenient  ways  of  using  the  technique  for  routine  work,  the  common 
sources  of  error  and  the  like.  The  new  results  are  summarized  here 
for  the  use  of  other  laboratory  workers. 

HISTORICAL. 
Methods  for  estimating  the  number  of  bacteria  in  ^ven  substances 
by  means  of  the  microscope  have  been  in  use  since  tiie  earliest  days 
of  bacteriology.  Similar  methods  have  also  been  used  and  are  being 
used  for  counting  blood  cells,  fat  drops,  yeast  cells,  cells  in  milk, 
and  other  small  objects.    These  methods  have  been  ^ctensively 

I  Brew,  James  D.  A  oonqMriaoD  of  the  micnwcopical  method  uid  the  plate  method 
of  counliiig  iMotaiA  in  milk.  N.  Y.  An.  £xp.  Sta.  Bui.  373,  pp.  1-3S,  1  pi.,  2  figs. 
1S14. 


ilized  by  Google 


New  Yohk  Agricultural  Expebimbnt  Station.  39 

developed  since  1878*  by  the  medical  profession  for  use  in  counting 
blood  cells.'  They  are  the  most  accurate  known  methods  of  counting 
minute  objects. 

One  of  the  chief  dl£BcuIties  which  is  met  with  in  using  the  micro- 
scope in  this  way  has  heea  the  preparation  of  the  substance  contain- 
ing the  bacteria,  yeasts,  blood  cells,  and  the  like,  in  such  a  way 
as  to  show  the  objects  to  be  counted  distinctly  and  at  the  same  time 
evenly  distributed  over  definite  areas.  These  two  things  are  essential 
if  an  accurate  count  is  to  be  made,  as  the  number  of  the  objects  to  be 
counted  necessitates  a  computation  of  the  whole  number  after  an 
examination  of  a  small  part  of  the  whole  preparation. 

This  difficulty  of  preparation,  combined  with  the  error  involved 
in  measuring  the  small  quantities  of  the  substances  used  has  always 
prevented  the  making  of  absolutely  accurate  counts.  Thus,  even 
under  the  most  favorable  conditions  the  counts  so  secured  must  be 
regarded  as  "  estimates  "  rather  than  as  true  "  counts." 

In  the  early  days  of  bacteriology,  it  was  a  common  practice  to 
estimate  the  number  of  bacteria  present  in  liquids  by  means  Ol  the 
microscope  as  a  preliminary  step  to  the  making  of  pure  cultures  by 
the  dilution  method.*  Thus  it  is  not  strange  that  Eberle,"  working 
in  Escherich's  laiaoratory  in  1896,  was  led  to  devise  a  method  of  pre- 
paring dried  films  from  infants'  feces  in  which  a  loopful  of  the  material 
was  spread  over  a  measured  area.  The  dried  films  were  then  stained 
and  tlie  number  of  bacteria  determined  by  means  of  the  microscope. 

Two  years  later  Winterberg,"  working  independently,  was  led  to 
develop  the  technique  which  had  previously  been  devised  for  count- 
ing blood  cells,  into  a  technique  for  counting  the  niunber  of  indi- 
vidual bacteria  in  liquid  cultures.  A  man  who  deserves  much 
credit  for  reaUzing  the  possibilities  of  microscopical  methods  of 
counting  bacteria  is  Alex.  Klein,  who  developed  a  technique  some- 
what Afferent  from  either  of  those  already  mentioned.  Ellein 
published  a  preliminary  description  of  this  method  in  1900.'  In  his 
method,  the  bacteria  were  first  colored  by  the  addition  of  the  stain 

'  Abbe.  E.  VAer  BlutkOrpenfthhtiig.  BUtber.  d.  OetdUeh.  f.  Med.  b.  Natune. 
Jan.  1:173-180,  1878. 

■|Ltwi.  J.  F.,  and  Tboma,  R.  Udxr  die  Methods  dcr  BlutkflrpenAhliuic.  Vir 
iaw'm  Ardtim.  folk.  AnaL  v.  Phytiol,  &4  :131-163.  1S81.  8m  ftbo  My  raeont 
tatfaook  djacnwing  Mood  teduiique. 

ThsBB,  R.  Die  Z&hlmig  der  weiaen  ZeOen  dea  Blntes.  Vtrchow't  Ankk.  path. 
imL  a.  Phpnci.     87:201-209.     18S2. 

*  Hociiiie.  Fenfinand.  Die  Methodea  da  Bakterien-Fonehiuig.  Vltl  +  406  pp., 
5(e  AoO..  WMabwkn.  I89I. 

lafar.  Fnms.    Teduusebe  Mj^Io^.     ]:n4-117.    Jens.   1897. 

'Ebcfle.  Robot.  ZUdang  der  Baktoien  bn  nomuleD  SJtuglinpkot.  CenM. 
BttL,  Sht.  1.  19:2-5.     Itm. 

'Wmtobog.  Hanridi.  Znr  Melhodik  der  Balierieiullihmg.  ZUdir.  Bug., 
2»:7»-98-     1998. 

'  KUm.  Aiex.  Gat  imk  mikrakopiKlM  zab]IIIl0^petIllMfe  der  Baktoien.  CtML 
fidt,  AU.  1,  37:834-830.    ISOO. 
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directly  to  the  emulfiioQ  before  examination,  and  then  dried  fihns 
were  prepared  on  cover  glasses  in  a  manner  «milu'  to  that  used  by 
Eberle.  The  measurement  of  the  small  quantities  used  was  by  means 
of  pi&tiniuu  loops.  Hehewerth,*  while  a  student  in  Klein's  labora- 
tory, worked  out  the  detailed  application  of  this  technique  to  pure 
cultures  and  feces,  and  showed  its  value  in  comparison  with  the 
plating  methods  devised  by  Koch.  These  microscopical  methods  of 
counting  bacteria  have  been  further  used  with  or  without  modifi- 
cations for  the  study  of  fecal  bacteria  and  pure  cultures  by  Klein,' 
I>eLange,"Hellstr6m,'^MacNeaJ,  Latzerand  Kerr,"  Viehoever,"  and 
others.  One  of  the  most  important  of  the  later  suggestions  is  one 
by  Klein  "  of  the  addition  of  a  loopful  of  gelatin  to  the  bacteritd 
suspension  on  the  cover  glass,  the  purpose  of  the  latter  being  to  act 
as  a  fixative.  The  suggestion  of  Klein  was  later  modified  by 
MacNeal,  who  added  the  gelatin  directly  to  the  emulsion  before 
preparing  the  smear  on  the  cover  glass. 

During  the  summer  of  1903,  Winslow "  compared  a  micro- 
scopical method  of  counting  bacteria  in  sewage  which  he  devised 
with  the  plate  method,  reaching  the  conclusion  that  it  had  valuable 
possibilities.  This  was  further  tested  by  Winslow  and  Willcomb." 
So  far  as  known  to  the  writers  no  one  else  has  ever  followed  up  this 
application  of  the  microscopical  method  to  the  counting  of  sewa^ 
bacteria.  The  technique  used  was  essentially  the  same  as  that  used 
by  Eberle  and  Klein, 

■  Heheirerth,  F.  H.  Die  mikroekopische  ZAhlungametbode  der  Balcttfieu  von  Akz. 
Klein  uod  Niiige  AnwendungeD  dereelben.  Arch.  Hyg..  39:321-389.  1900.  Also 
publiahed  u  inaugural  disBertstJon  from  the  UniTeraity  of  AniEterdain. 

•  Klein,  Alex.  Baoteriotogic  rwearcbee  of  human  faeces.  Ptoc.  Sect.  Sci.,  Komjik- 
lijkt  Akad.  ran  WtUruehapptn  le  AnuUrdam.  4:66-76,  1901.  1902.  Ibid.  The 
tdiyaiologieal  bacteriology  of  the  intestinal  canal.  4:477-489,  1902.  Also  published 
in  I>irtch. 

Klein,  Alex.  Die  phyrioloffiBebe  Balderiolc^e  de«  DannkanalB.  Areh.  Hyg., 
4J:I17-176,  2  fin.  1B02.  Idem.  Ueber  die  BakterienmencB  in  menschlichen 
Flees.  Ztiehr.  XHn.  Med..  48: 163-170.  1903.  Idem.  Bemerkun^  ni  der  Albeit 
Dt.  Max  Lissauera  "  Ueber  den  Bakteriengehalt  meosehliduT  und  tierischer  F&oes". 
AtA.  Hys.,  S9 :283-286.    1906. 

'°  De  Lange,  Ckimelia.  Zur  Dannvegetation  geeunder  SaQgllnge.  Jahrb.  KintUr- 
A«at.,  54:721-733.     1901. 

II  HellstrOm,  F.  E.  Untemichungen  (kber  Ver&nderungen  in  da  Bakterieniahl  der 
F&DM  bd  NeucdwTeneo.    .drcA.  Oj/noeit.,  63:643-676.     1901. 

■*  MacNeairW.,  Latiw,  L.  L.,  and  Kerr,  J.  E.  The  fecal  bacteria  of  healthy  men. 
Jour.  Inf.  Du.,  6: 123-169,  571-60B.     1909. 

"Viehoever,  Amo.  Botauische  Untetaucbung  harnstofFspalt«nder  Bakterien  mit 
beaonderer  BerQcknichtigung  dm  speneadiagnostiBch  verwertbaien  Markmale  und 
da  Vomfigens  der  Hornstoffspaltung.     CentU.  Bakl..  Abt.  JI,  39:209-359.     1913. 

'*  See  first  reference  given  in  footnote  9. 

"WimJow,  C.-E.  a.  The  number  o(  bacteria  in  sewage  and  aewage  effluents 
determined  by  plating  upon  different  media  and  by  a  new  method  of  direct  micro- 
■onrioal  enumeralitm.     Jtnir.  Inf.  Dit.,  Suppl.  1 :  20^228.     1905. 

''Winslow,  C.-E.  A.  and  Willcftmb.     Tests  of  a  method  for  the  direct 
ODumenrtion  of  bacteria.    Jour. /r/.  Dii.,  Suppl.  1:273-283.    1905. 
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g  tbe  same  decade  (1900-1910),  because  of  the  interest  wldeh 
had  devdoped  in  the  queetiui  of  the  significance  of  the  bod^  oella  in 
D^k,  mieroacopical  methods  of  counting  these  were  devised.  In 
oaing  tike  form  <tf  this  technique  which  was  finally  developed  for 
routine  woA,"  Slack  was  led  to  notice  a  relation  between  tbe  number 
of  bactoia  which  appeared  in  the  alime  obtained  by  oentrifuginR 
samplee  of  milk  and  plate  counts  from  the  same  samples.'*  By 
observ&tim  <»  a  large  number  of  samples  he  worked  out  an  arbitrary 
rdation  between  the  two.  This  ratio  was  used  as  a  means  <^  selecting 
samples  of  milk  with  high  bacterial  counts.  The  selected  samplea 
were  plated  by  the  usual  technique  to  determine  the  bacterial  counts. 
I^ter,  Goodrich  '*  wnnpared  the  same  techniques. 

Wiale  working  in  the  Boston  Bio-Chemical  Laboratory  during 
the  summer  of  1909,  the  senior  author  of  this  bulletin  made  a  series 
d  tests  of  the  Stewart-Slack  method  referred  to  above  with  the 
purpose  of  using  it  in  studying  the  number  of  body  cells  in  milk. 
As  a  result  of  the  study,  it  became  evident  that  a  large  number  of 
cells  were  lost  during  the  process  of  oentrifugation.  At  this  time  the 
technique  discussed  in  the  present  bulletin  was  devised.  By  its 
use  the  number  of  body  cells  present  in  whole  milk  was  determined 
directly  without  the  use  of  the  centrifuge.  Because  of  many 
courtesies  shown  and  suggestions  made  by  Prof.  Preeoott.  Director 
ot  the  Laboratory,  it  was  decided  to  publish  the  account  oi  the  work 
under  joint  authorship.  A  preliminary  account  of  the  work  was 
given  at  the  Richmond  meeting  of  the  American  Public  Health 
Association,  in  October,  1909,"  and  the  complete  account  published 
later." 

Among  the  preparations  made  for  counting  the  tissue  cells  were 
many  that  showed  bacteria  so  clearly  that  it  at  once  became  apparent 
diat  this  technique  was  satisfactory  for  counting  bacteria  as  well  as 
cells.  On  looking  the  matter  up,  it  was  discovered  that  while  the 
principle  involv^  was  not  new,  the  technique  itself  was  new  as 
^iplied  to  milk.  Because  of  the  lack  of  opportunity  for  extended 
research  at  the  time  a  brief  note  was  published  by  the  senior  author 
at  the  present  bulletin  ^  giving  its  application  and  a  few  preliminary 
comparative  counts. 

"  Committee  on  Btaadud  Methods  of  Bwtarial  Milk  Analyria.  Rtport.  Amtr, 
/•w.  P.*.  »!*..»  (N.H.S):3Ifr-3«,     1910. 

"SUek,  FVancti  H.  The  microacopie  B>timBt«  of  btcttfia  In  milk.  Tielmeten 
Quart,  19: 1-4.  1006.  Idem.  Die  nuknMkopfKbe  SohiUiui  cbr  BdctarlM  In  d«r 
ICMl     CeaU.  Bab.,  Abt.  II,  16:637-538.     1006. 

■■  Goodiieb,  G.  W,  Comp«riMii  of  the  pUtinf  and  the  mleroMoplMl  nethodi  in 
the  bMteriokvcal  eumiiutioD  of  milk.     Jour.  Inf.  Di«.,  I4:6li-619.     1914. 

*  hCMOtt,  S.  C  mad  Breed.  R.  S.  Tbe  determiiutiOD  of  tiie  nuinber  of  bodr  edit 
i*Makl)T*<fii«(i  method.    Amer.Jaur.  Pub.  Hyg..20iti.B.t):eei-96*.    1010. 

■■  PrcMott,  8.  C,  end  Breed.  R.  S.  Tbe  determination  at  the  nnmbM-  d  bodjr  eaUi 
in  ma  br  ■  <bect  tnetbod.    Jtnr. /n/.  Dm.,  7:632-040.    1011. 

'  Breed,  S.  8.    Tlw  detcfminetian  of  tbe  numbs'  of  bnetain  in  milk  br  dtrett 

' ■—• '-'^'-     CMU.  £aU.,Abt.  11,30:337-340.    Ull, 
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In  1912^  the  j'umor  author  of  thia  bulletin  was  called  upon  to  make 
Jtest  of  this  technique  as  a  means  of  judging  milk  quality  under  the 
direction  of  Or.  H.  A.  Harding.  Before  this  work  was  completed, 
Dr.  Harding  was  caJled  away  from  the  Geneva  Station  and  it  fell 
to  the  lot  of  the  senior  author  to  supervise  the  publication  of  the 
results  secured.  These  were  published  '^  with  the  purpose  of  showing 
others  the  possibilities  of  the  method,  hoping  thereby  to  secure  a 
general  trial  of  the  method  which  would  demonstrate  its  value  or 
lack  of  value.  So  well  has  this  purpose  succeeded  that  a  number  of 
extensive  tests  are  being  or  are  soon  to  be  made.  Some  results  of 
these  tests  have  already  been  published.** 

Several  years  after  the  original  publication  of  the  method  discussed 
in  this  BuUetin,  Skar,"  working  independently,  pubUshed  an  account 
of  a  similar  method  of  counting  bacteria  in  milk.  The  chief  differ- 
ence between  his  technique  and  that  used  in  our  work  is  that  the 
bacteria  are  stained  in  the  milk  before  the  smear  is  prepared  and 
the  fat  drops  are  not  removed.  Thereby  all  washing  of  the  smear 
is  avoided.  A  discussion  of  the  advantages  and  disadvantages  of 
this  form  of  technique  is  given  later  (see  pages  22-24).  Since  then  '^ 
accounts  of  two  investigations  have  been  pubUshed  in  which  this 
method  was  used. 

A  year  later  Rosam  "  also  described  a  method  for  counting  bacteria 
in  milk  by  means  of  the  microscope.  This  method  consisted  of  the 
examination  of  a  drop  of  milk  pleiced  on  a  glass  slide  under  a  cover 
glass  of  known  area.  This  technique  uses  the  same  principles  as 
those  used  in  Winterberg's  technique  but  in  much  simpler  and 
cruder  form. 

During  the  past  four  years  two  attempts  have  been  made  to  use 
similar  methods  of  counting  bacteria  in  water.  The  first  of  these 
two  methods  was  devised  by  Mtiller.*"  In  order  to  oount  the  bacteria, 
those  contained  in  100  cubic  centimeters  of  water  are  precipitated  in 
the  flocculent  precipitate  produced  by  adding  Uquor  ferri-oxychlorati. 
Formalin  is  added  in  order  to  prevent  further  multiplication  of  the 
bacteria.   After  decantii^,  the  sediment  is  stained  with  gentian  violet, 

■  See  footnote  1. 

"  Conn,  H.  W.  Standards  for  determining  the  purity  of  milk,  U.  S,  Pub.  Health 
Serr.,  PtA.  Btalih  Beporti.  30:2349-2395.     1916. 

"  Slur,  Olav.  Eiue  Bchnelle  und  genaue  Methode  ftlr  Zafalung  von  Bakteiien  und 
Leukocytet).    ifilcAtc.  ZenU.,  41:454^61,  705-712.     1912. 

**  War,  Olav.  Verbalten  der  L«ukocyten  der  Milch  bei  der  Methylenblau-Reduc~ 
toseprobe.  ZUchr.  Fleiteh'  u.  Milchhyg.,  23:442-447.  1913.  Jacobseu,  Adolf.  Die 
Milchkontiolle  in  der  Stadt* Kristiania.  ZtKhr.  Fleiech-  u.  Milchkys..  24:512-617, 
529-632.     1914. 

"  Roaam,  A.  Eine  einfache  mikroskopiscfae  BeurUidlung  des  Gehalta  der  Milch  in 
MtkroorganiBineu.    JlftlcAui.  ZeniU..  42:333-334.     1913. 

"  MOller,  Paul  Th.  Uber  eine  ueue,  nacharbeitende  Methode  der  bakteriolog- 
ischoi  Waeseruntersuchung  und  ihre  Anwendung  auf  die  PrOfung  von  Brunnen  und 
FUterwerken.  Artk.  Hyg.,  75:189-223.  1912.  Ibid.  Ober  meine  Scbnellmethode 
dor  badenolc^pBcben  Wacsountenuchung.    Arch.  Hyg.,  82i67--75.    1914. 
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centrifuged  to  reduce  the  volume  to  one  cubic  centimeter;  two  hun- 
dredths of  a  cubic  centimeter  of  this  precipitate  is  then  spread  on  one 
square  centimeter,  dned  and  examined  for  bacteria.  Considerable 
use  of  this  technique  has  been  made  by  Milller  and  it  ha£  also  been 
tested  by  Hesse.*'  Donald,'"  on  the  other  hand,  has  used  a  measured 
drop  of  water  (obtained  by  the  use  of  a  special  dropping  pipette) 
which  Ib  dried  on  a  glass  slide,  fixed  to  the  slide,  stained  in  carbo- 
fuchsin,  and  decolorized  in  alcohol.  In  certain  cases  he  toughened 
the  film  which  contained  the  bacteria  by  adding  gelatin,  albumen  or 
coUodioD  to  the  drop  of  water  before  drying. 

METHOD  APPLIED  TO  MILK. 


In  brief,  the  technique  used  in  making  counts  of  the  number  of 
bacteria  in  milk  by  the  direct  microscopical  method  ia  as  follows: 
One  hundredth  of  a  cubic  centimeter  of  milk  or  cream  is  measured 
by  means  of  a  dean  capillary  pipette  accurately  calibrated  to  dis- 
chai^  this  quantity  of  milk.  The  milk  or  cream  is  deposited  on 
a  dean  glass  slide.  By  means  of  a  stiff  needle  the  drop  of  liquid 
is  spread  evenly  over  an  area  of  one  square  centimeter  and  dried 
tptickly  in  a  warm  place  protected  from  dust,  files  and  cockroaches. 
The  surface  on  which  the  slides  rest  must  be  level  in  order  that  the 
films  niay  dry  evenly. 

The  dry  smears  are  then  prepared  for  microscopical  examination 
by  immersing  the  slide  in  xylol  or  other  fat  solvent  for  one  minute 
or  longer  if  desired.  After  this  the  slide  is  drained  and  dried,  im- 
mersed in  70  to  90  per  ct.  grain  or  denatured  alcohol  for  one  or  more 
minutes,  then  transferred  to  a  fresh,  saturated,  aqueous  solution 
of  methylene  blue.  Old  or  unfiltered  solutions  are  to  be  avoided 
as  they  may  contain  troublesome  precipitates.  The  slides  remain 
in  this  solution  for  five  seconds  to  one  minute  or  longer  depending 
on  the  effect  desired.  They  are  then  rinsed  in  water  to  remove 
the  surplus  stain  and  decolorized  in  alcohol.  This  takes  several 
seconds  to  minutes  during  which  time  the  slide  should  be  under 
observation  in  order  that  it  may  be  removed  from  the  alcohol  before 
decolorization  has  proceeded  too  far.  When  the  decolorization  is 
completed  the  general  background  of  the  film  should  have  a  pale 
blue  tint.  Where  staining  has  been  prolonged  a  deep  blue  margin 
or  deep  blue  central  patches  may  persist.     These  deeply  stained 

"HcMC.  Erich,  tibn  Paul  Th.  Mailers  Sdmellmethode  Aet  bakteriologiacbeD 
WuMnii)t«r*uchiiiiB.    Arch. »;«;..  83:327-349.     1914. 

"DaDkld,  R.  An  apparatus  for  liquid  measuremeat  by  drops  and  applications 
in  counting  IwcterU  and  other  cells  and  id  aerology,  etc.  Prix.  Roy.  Soc.,  London, 
Scr.B,86:lfi6-202.  1613.  Idem.  A  method  of  counting  bacteria  in  water.  Lanctt, 
IS4:1447-14«-    1913. 
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areas  do  not  contfun  more  bacteria  than  other  parts  of  the  film 
and  may  be  removed,  if  troublesome,  by  decolorizing  and  restainii^ 
lightly. 

After  drying,  the  slides  are  ready  for  microscopical  examination 
or  they  may  be  filed  away  and  preserved  indefinitely.  Poorly 
stoned  alides  may  be  decolorized  and  restained  as  many  times  as 
necessary  without  any  apparent  injury.  If  desired,  the  films  may 
be  mounted  in  Canada  balsam  with  cover  glasses,  but  in  routine 
work  it  is  customary  to  apply  cedar  oil  directly  to  the  film  for  exami- 
nation under  an  oil-immersion  lens. 


CoUection  of  samples. —  Some  comparative  counts  have  been  made 
(Bd.)  in  order  to  discover  whether  samples  of  milk  taken  in  clean 
test  tubes  containing  preservatives  (formahn  and  corrosive  sub- 
limate) were  as  satisfactory  for  use  in  making  microscopical  counts 
as  iced  samples  taken  in  sterile  tubes.  The  results  secured  are  not 
sufficient  to  warrant  a  positive  statement  but  indicate  that  samples 
taken  with  preservatives  are  fully  as  satisfactory  as  are  iced  samples 
and  are  more  convenient  to  handle.  When  an  effort  was  made  to 
keep  the  preservative  samples  for  days  or  weeks,  it  was  discovered 
that  there  was  a  tendency  for  them  to  become  less  satisfactory  on 
standing.  This  was  not  because  the  organisms  lost  their  staining 
power  or  because  of  any  growth  of  the  organisms  but  because  many 
bacteria  floated  to  the  top  with  the  cream  while  others  fell  to  the 
bottom.  Because  of  the  fact  that  it  was  impmsible  to  break  up  the 
compact  cream  which  formed  after  the  sample  had  stood  'for  some 
time  and  also  because  some  sediment  remained  even  after  thorough 
shaking  of  the  tubes,  the  counts  made  at  the  end  of  days  or  weeks 
tended  to  be  lower  than  they  should  have  been. 

Counts  made  from  the  cream  and  the  sediment  of  both  iced  and 
preservative  samples  showed  that  this  concentration  of  the  bacteria 
in  the  cream  and  sediment  occurred  in  all  of  the  samples.  Where 
no  cream  was  present,  as  in  skim  milk,  the  bacteria  did  not  rise  to  the 
surface  but  sediment«d  in  large  numbers  showing  that  the  reason 
for  their  concentration  in  the  cream  was  because  they  were  buoyed 
up  on  the  fat  drops  as  they  rose  to  the  surface.  In  the  samples 
studied  there  was  a  very  noticeable  tendency  for  all  of  the  larger 
clumps  of  bacteria  to  float  with  the  cream,  the  bacterial  groups  in 
the  sediment  rarely  consietii^  of  more  than  two  individuals.  The 
most  apparent  explanation  for  this  fact  is  that  the  large  clumps 
were  more  easily  caught  as  the  fat  drops  floated  to  the  surface  while 
some  fflnglC'  individuals  or  small  groups  fell  through  between  the 
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fat  drop  U^  the  bottom.  This  entire  actios  is  amilar  to  that  already 
noted  by  one  of  us  in  a  previous  paper  as  occurring  to  the  body 
cells  in  imlk.*< 

If  this  method  of  collecting  samples  with  preservatives  proves 
as  successful  as  these  c^ulte  would  indicate,  it  will  make  it  possible 
to  send  samples  of  milk  for  microscopical  examination  for  long 
distances  and  therefore  allow  the  concentration  of  milk  control  work 
in  central  laboratories  in  a  way  that  would  eliminate  the  c 
and  trouble  due  to  shipping  iced  samples. 
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Meaeurement  of  sample. —  There  are  two  common  ways  of  meaaur- 
ing  the  small  quantities  of  milk  required  in  the  microscopical  method 
of  counting  bacteria.  One  is  by  means  of  platinum  loops  and  the 
other  by  means  of  capillary  pipettes.  Of  these  the  loop  method  is 
the  more  convenient  and  has  been  frequently  used  for  this  purpose 
(Eberle,  Klein,  Hehewerth,  De  Lange,  Hellstram,  MacNeal,  Latzer 
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and  Kerr,  Rosam).  Others  have  used  pipettes  (Winslow,  Winslow 
and  Willcomb,  Skar)  or  even  a  standardized  drop  method  (Donald). 
H.  W.  Conn  in  hia  report  on  the  cooperative  teats  conducted  in 
New  York  City  concludes  **  that  the  wire  loop  as  used  by  one  of  the 
laboratories  in  measuring  milk  for  making  counts  appears  to  yield 
results  as  accurate  as  those  secured  by  the  use  of  pipettes.  This 
conclusion  is  based  on  comparative  counts,  but  is  contrary  to  what 
one  of  us  had  previously  found  and  reported.** 

In  order  to  test  the  matter,  further  series  of  weighings  were  imder- 
taken  (Bw.).  This  is  a  more  accurate  way  of  determining  the 
relative  accuracy  of  the  two  methods  than  comparative  counts 
since  the  comparison  is  much  more  direct.  Table  I  shows  the  results 
of  twenty  trials  each  with  pipettes  and  with  loops.  In  these  cases 
care  was  taken  to  secure  as  accurate  results  as  possible  by  both 
methods.  The  results  show  a  maximum  variation  from  the  mean 
of  2  per  ct.  for  the  pipette  while  the  loop  showed  a  maximum  varia- 
tion of  35  per  ct.  The  loop  in  each  case  was  pulled  out  of  the 
liquid  vertically  and  was  handled  as  carefully  as  possible.  In  spite 
of  this  the  amount  of  variation  in  the  quantity  of  milk  was  so  great 
as  to  be  readily  detected  by  the  eye. 

Ten  weights  were  then  made  of  milk  discharged  from  the  pipettes 
quickly  in  the  same  manner  as  used  in  the  routine  work  but  the 
results  showed  no  more  variation  than  those  given  in  Table  I. 
Deliberate  carelessness  in  allowing  milk  to  run  back  on  the  tips 
of  the  pipettes  and  the  like  failed  to  produce  as  great  an  error  as  35 
per  ct.  Moreover  these  conditions  were  at  once  evident.  Our  ex- 
perience therefore  leads  us  to  believe  that  only  a  careless  person  would 
introduce  large  errors  in  measunng  the  quantity  of  milk  required  if 
pipettes  are  used  and  that  loops  large  enough  to  carry  0.01  cubic 
centuneter  are  unsatisfactory. 

Porm  oj  pipetle. —  At  present  nearly  all  of  the  reputable  supply 
houses  are  making  special  capillary  pipettes  for  use  in  connection 
with  the  microscopical  examination  of  milk.  The  cheapest  and 
most  convenient  forms  are  straight  capillary-tube  pipettes,  dis- 
charging 0.01  cubic  centimeter  and  long  enough  to  readi  the  bottom 
of  a  test  tube  easily  (Kg.  1).  The  bore  of  the  pipette  should  be  of 
such  a  size  that  the  distance  from  the  graduation  mark  to  the  tip  is  be- 
tween Ij  and  2§  inches.  A  convenient  form  of  pipette  is  also  shown 
in  Fig.  2.  This  has  a  reservoir  just  above  the  graduation  mark  which 
influences  the  filling  of  the  pipette  by  capillarity  in  such  a  way  that 
it  fills  to  a  point  just  above  the  mark. 

"The  milk  in  either  type  of  pipette  is  easily  controlled  by  first 
wiping  the  exterior  of  the  pipette  with  a  dean  towel  and  then  touching 
the  tip  of  the  pipette  gently  with  the  clean  towel  until  the  milk 
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in  the  pipette  is  lowered  to  the  mark.    The  tip    |T~' 
of  the  pipette  now  being  dean,  the  milk  is  blown 
out  of  the  pipette  very  carefully  so  that  all  the 
milk  possible  is  delivered. 

Calibration  of  pipettes. —  The  proper  calibra- 
tion of  the  pipettes  has  proved  to  be  troublesome 
because  of  the  fact  that  in  dischai^ng  so  small 
a  quantity  of  milk  as  0.01  cubic  centimeter,  the 
error  due  to  adhesion  of  the  milk  to  the  inner 
walls  and  tip  of  the  pipette  becomes  important. 
For  this  reason  a  large  number  of  trials  have 
been  made  to  determine  the  amount  of  this  error. 
Having  determined,  by  repeated  trials,  the  coi> 
rect  calibration  of  a  pipette  made  to  deliver 
0.01  cubic  centimeter  of  milk,  specific  gravity 
1.032  at  21°  C,  it  was  found  by  experiment  that 
such  a  pipette  would  contain  .0104-j-  grams  of 
distilled  water  at  21°  C.  or  .1423  grams  of  mer- 
cury having  a  specific  gravity  of  13.552  at  21°  C. 
In  other  words  if  these  pipettes  are  calibrated 
with  mercury,  they  should  be  so  calibrated  as 
to  cont^n  between  .0104  and  .0105  cubic  centi- 
meter of  mercury  in  order  to  allow  for  the  loss 
of  milk  due  to  adhesion  to  the  glass. 

A  convenient  method  of  calibration  with  milk 
is  to  weigh  the  milk  as  dischai^ed  into  the 
hollow  of  a  clean,  hollow-ground  sUde,  covering 
the  hollow  with  a  clean  cover  glass  to  prevent 
evaporation,  then  from  the  specific  gravity  calcu- 
late the  error  and  correct  the  graduation  mark 
accordingly.  All  capillary  pipettes  should  be 
recaUbrated,  as  experience  has  shown  that  it  is 
impossible  to  rely  upon  the  accuracy  of  the  best 
of  the  pipettes  as  supplied  by  dealers.  Errors 
as  large  as  50  per  ct.  have  been  found  in 
pipettes  the  accuracy  of  which  was  guaranteed. 
In  all  of  our  work  we  have  taken  the  average 
specific  gravity  of  milk  to  be  1.03  at  21°  C  so 
that  the  weight  of  0,01  cubic  centimeter  becomes 
0.0103  grams. 

Tip  of  the  pipette. —  Experience  has  shown 
that  milk  is  most  easily  discharged  cleanly  from 
a  tip  having  the  form  of  a  truncated  cone  with 
the  fiat  end,  a  circle  of  about  2  milhmeters  in 
diameter.  T^e  angle  of  slope  of  the  cone  appear? 
to  make  little  difference.     See  Figs.  1  and  2. 

Cleaning  and  sterilization  of  pipettes. —  In  the  p.  *  i  „„  2— Con- 
ori{pnaI  (description  of  the  microscopical  tech-  ^^^hiu^  Forms  or 
nique,  it  was  ^t«d  that  it  was  nec^sary  to  use      Capilust  Pmrru. 
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dean  pipettes  but  that  Bterilization  was  unnecessary.  This  state- 
ment was  made  because  of  the  fact  that  the  rapid  drying  of  the 
smear  prevents  the  growth  of  the  few  accidental  bacteria  which 
get  into  the  milk  from  clean  glassware,  while  stenlization  would  not 
help  the  matter  unless  the  bodies  of  the  bacteria  present  were  actuaUy 
deatroyed  by  the  heat.  The  best  way  which  has  been  found  to  clean 
the  pipettes  is  to  immerse  them  in  an  ordinary  glassKileaning  solu- 
tion containing  sulphuric  acid  and  potassiiun  bichromate.  They 
are  afterward  rinsed  in  clean  water.  If  de^red  to  dry  them  this 
may  be  accomplished  quickly  by  using  alcohol  or  ether. 

Tests  were  therefore  made  by  one  of  us  (Bw.)  to  determine  whether 
there  is  sufficient  contamination  from  the  clean  pipettes  to  cause 
noticeable  errors  in  the  counts  and  to  determine  whether  pipettes 
could  be  cleaned  rapidly  enough  to  permit  the  use  of  a  single  pipette 
for  routine  work.    The  results  of  these  tests  are  given  in  Table  II. 


UOROSOORO     OOITNTB     BHOWINO    lOTAL    INDITIDDAL     BACTEtUA     PER     I 


I.  An  individiul,  dean,  (tarile  pipette  used  for  each  BEunple. 


A'.... 
M'... 
A'.,.. 
A*.... 
A'  ,., 
A'.... 

...22,600 

.,..25,500 

4,500 

6,000 

4,500 

II.  S 

B'.. 
N'., 
B',. 
BV. 
B'.. 
B». . 

uneu 

3,000 

15,750,000 
...  15,000 
....12,000 

1,500 

8,000 

I,  exoeptthe 

C 6,000 

O'.. 160,200, 000 

C 12,000 

C* 10,500 

C 9,000 

C 1,500 

pipettes  were  not  rt« 

D' 9,000 

P'.... 914,000,000 

D' 4,500 

D* 3,000 

DMeas  than  3,000 
D« 3,000 

iliiod. 

O'...  160,200,000      P'.... 914, 000, 000 

C 4,600      D' 9,000 

C» 3,000      D< 3,000 

C 3.000      D» 6.000 
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C» 3,000 

0'.. .160,200,000 

C» 4,600 

C* 6,000 

C 7,600 


A' 1,600 

H> curdled 

A* 58,600 

A* 63,000 

A* 294,000 

A« 39,000 


6,000 

..15,760,000 

61,000 

....129,000 
....132,000 
....132,000 


D' 4,500 

P*.. .  914,000,000 

D» 6,000 

D< 7,500 

D' 1,600 

D» 4,600 

jnplB  to  b«  Bmeand 

D' 4,600 

P'... .914,000,000 

D» 85,000 

D« 110,000 

D» 795,000 

C» 180,000      D« 435,000 


0«... 160,200,000 

C» 400,000 

C* 385,000 


A' 3,000 

H* curdled 

A* 62,610,000 

A* 75,800,000 

A* 1,260,000 


V.  Smik  u  IV  bat  not  rinaed.    Gronest  oaraleMaew  ponible. 
9,000      


PLAn  CODNTB  PIB  C 


c  cnmm'nn  made  at  tbb  (nd. 


.65,700,000 

1,180 

1,676 


C*. 2,060 


H(Ra. —  GountH  ««  deogOAted  by  letters  benrine  exponents.  All  counts  bearing 
tha  nme  Mtar  bat  different  eipcKientg  ireio  made  from  duplicate  aainplea  taken  from 
the  Rame  ptil  <A  milk.  Counts  beaiing  the  same  exponent  as  well  as  the  same  letter 
were  made  Irom  the  lame  Mmple  of  milk. 

five  flaakB  of  a  low-cotmt  tnilk  were  used  in  each  of  the  four  eeries 
of  experimentB  recorded  is  this  table.  These  are  indicated  by  the 
lettera  A,  B,  C  and  D  bearing  exponents  1,  3,  4,  5,  and  6..  One 
flask  of,  bigh-count  3?.ilk  -which  had  been  Becured  by  inoculating  with 
a  culture  o^"  the  ooKn  bacillus  was  used  in  each  of  the  four  aeries. 
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This  ifi  indicated  by  the  letters  M,  X,  0,  aod  P  iQl  bearing  the  exponent 
2.  Samples  A/  B,'  C,'  and  D  '■  were  used  as  check  samples.  Samples 
M,*  N,*  0,'  and  P  *  were  used  for  the  purpose  of  contaminating  the 
pipettes.  Plate  counts  made  from  the  samples  before  they  were 
used  in  the  experiments  are  given  at  the  top  of  the  table  and  plate 
counts  made  at  the  end  are  given  at  the  bottom  of  the  table.  These 
were  made  on  lactose  agar,  the  plates  being  incubated  for  5  days  at 
21°  C.  followed  by  two  days  incubation  at  37°  C. 

In  each  of  the  four  series  of  tests,  smears  were  first  prepared  from 
all  of  the  samples  by  using  an  individual,  dean,  sterile  pipdte  for  each 
sample.  The  results  secured  are  recorded  under  I  in  the  table. 
The  variations  in  the  counts  which  are  noted  as  occurring  in  samples 
bearing  the  same  letter  show  the  normal  range  of  variation  in  count 
which  may  be  expected  where  the  microscopical  method  of  counting 
is  used.  In  Series  3  and  4,  after  preparations  had  been  made  by  the 
use  of  the  sterile  pipettes,  smears  were  also  prepared  by  the  use  of 
individual  dean,  but  unaterilized  pipettes.  The  results  of  the  counts 
secured  are  recorded  under  II.  It  will  be  seen  that  the  counts 
show  no  increase  over  and  no  greater  variation  than  those  recorded 
under  I. 

After  these  preparations  had  been  made  with  the  individual 
pipettes,  another  set  of  preparations  was  made  from  the  samples 
used  in  Series  3  and  4.  In  each  of  these  two  series  a  single  pipette 
was  used  in  making  the  set  of  six  preparations.  After  the  first  smear 
had  been  made  with  the  clean  pipette  from  the'  check  sample  (C  or 
D'),  the  pipette  was  thereafter  deaned  by  rinsing  in  dean  tap  weUer 
in  passing  from  sample  to  sample.  In  order  to  make  the  test  as 
severe  as  possible,  the  pipette  was  contaminated  just  before  cleaning 
by  drawing  some  of  the  high-count  milk  into  it  (0'  or  P*).  The 
results  of  the  counts  are  given  in  the  table  under  III.  An  examina- 
tion of  the  counts  will  show  that  they  are  of  the  same  magnitude  as 
those  made  where  individual  pipettes  were  used  in  making  each  prep- 
aration. Moreover,  not  &  single  organism  was  seen  in  any  of  the 
low-count  smears  .which  was  of  the  type  of  the  easily  recognizable 
organism  in  the  milk  used  in  contaminating  the  pipettes.  The 
latter  test  is  a  very  severe  test  of  the  efficiency  of  the  cleaning  method 
used  because  it  would  reveal  even  slight  contaminations. 

In  order  to  determine  the  effect  on  the  count  of  greater  carelessness 
in  the  use  of  the  pipettes,  another  set  of  preparations  was  made  frcHn 
each  of  the  four  sets  of  samples.  A  single  pipette  was  used  for  each 
set  of  samples  and  was  not  deaned  in  passing  from  sample  to  sample. 
After  the  preparation  from  the  check  sample  had  been  made,  the 
pipette  was  contaminated  in  each  case  in  the  high-count  sample  and 
was  then  used  immediately  to  make  the  smear  from  the  next  sample. 
As  the  milk  was  being  drawn  into  the  pipette  from  the  sample,  it  was 
rinsed  several  times  in  the  sample  itsdf.  The  results  of  these  testa 
are  recorded  in  the  Table  under  IV.    All  of  the  smears  made  with 
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Fm.  1  — No  hucl^T 


Fir.,  3  —  Milk  ahirli  is  nfurly  sour.  1 
b  actor  in  are  Iflftic  acid  bachTia. 
Bai'ti-rial  count  =  80.00(1,000  per  i 
=  411(1,000  per  c.  c. 


'*.,Ct)t)^^[c 


Plate  I  —  Drawimos  or  Milk  SuBAita  as  Seen  Undeb  ti 


Fio.  3, —  Two  pivira  of  lactic  acid  b.ii^leria  and  une  sinnle  buc- 
terium.  One  tissue  cell.  Bacterial  count  =  2,000,000  per 
c,  c      Cell  count  =  ^00.000  per  c.  p. 


Fig.  4.— MElk  which  in  both   nearly  bout  and  auspicinus  in 
sanitary   quality.     Seven   tissue   cells.     Bacterial   count"-/"-  | 

100,000,000  per  c.  c.     Cell  couat  =  2,H00,OOO  per  o.ro.n--^^  aA  jUtJl^lL     ^;- 


(.^^ 


itiadb,  Google 


Nbw  York  Aoricultdbal  Expbbihent  Station.  51 

the  pipettes  used  in  this  way  showed  the  presence  oS  (u-gauiBms  from 
the  h^~coimt  samples  and  the  counts  were  markedly  increased 
by  their  presence. 

In  the  first  two  series  of  tests,  sets  of  preparations  were  made  from 
the  samples  in  a  still  more  (intentionally)  careless  manner,  in  that 
the  single  pipette  used  in  making  each  set  of  preparations  was  not 
rinsed  after  corUamiTuUion,  even  in  the  sample  from  which  the  smear 
was  to  be  made.  The  results  are  recorded  in  the  Table  under  V. 
As  shown,  both  from  the  preparations  themselves  and  from  the  counts, 
lai^  numbers  of  bacteria  were  thus  transferred  from  the  high-count 
samples  to  the  low-count  samples,  the  counts  being  raised  from  less 
than  t«n  thousand  per  cubic  centimeter  to  millions  per  cubic  centi- 
meter by  this  procedure. 

The  results  ^ven  in  this  table  indicate  (1) ;  that  sterilization  is  not 
necessajy  (2)  that  individual  pipettes  for  each  sample  are  not  neces- 
sary, and  (3)  that  it  is  entirely  permissible  to  use  a  single  pipette  in 
making  a  series  of  preparations  provided  it  is  properly  cleaned  by 
rinsing  in  clean  tap  water  before  each  preparation  is  made.  (4)  They 
also  show  that  cleanliness  of  pipettes  is  essential. 

This  conclusion  is  borne  out  by  our  experience  in  making  extended 
series  of  analyses  by  the  microscopical  method.  In  one  set  of 
2,475  com{>arative  counts  made  between  the  microscope  and  plate 
methods  in  which  the  samples  examined  were  random  market 
milk  samples,  all  of  the  microscopic  preparations  were  made  as 
indicated  under  IV.  That  is,  a  single  pipette  was  used  for  each 
Bet  of  30  to  50  samples  without  its  beii^  cleaned  even  in  tap  water. 
In  this  work  it  frequently  happened  that  where  a  sample  of  a  high- 
count  milk  appeared,  followed  by  a  sample  of  a  low-count  milk, 
there  was  evidence  of  contamination ;  but  since  this  was  a  compara- 
tively uncommon  condition,  the  ratings  given  by  the  microscope 
were  affected  in  only  a  comparatively  sdwU  number  of  cases  by 
the  contajninatioQ  t^us  introduced. 

However,  since  there  was  clear  evidence  that  these  contaminations 
did  affect  the  rating  of  some  samples  this  method  of  using  the 
pipettes  was  given  up.  The  method  of  cleaning  by  rinsing  with 
clean  tap  water  has  been  tried  in  a  series  of  5,600  examinations 
of  market  milk  samples.  Not  the  slightest  evidence  of  contamination 
of  samples  has  been  detected  in  this  series  of  tests  although  at  least 
10  per  ct.  of  the  samples  wotdd  have  given  plate  counts  in  the 
millions. 

Drying  the  smear. — In  describing  this  technique,  the  authors  of 
this  bulletin  have  always  specifically  stated  that  the  smears  should 
be  dried  quickly  in  a  warm  place  and  on  a  level  surface.  Too  high 
a  temperature  will  cause  the  films  of  dried  milk  to  crack  or  peel 
from  the  glass.  This  drying  can  usually  be  accomplished  within 
five  minutes  from  the  time  the  milk  is  deposited  on  the  glass  slide. 
It  has  alwa3rs  been  felt  that  rapid  drying  was  essential  since  the 
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poB^bilhy  that  the  bacteria  would  grow  in  the  smear  during  the 
drying  process  was  always  present.  No  testa  to  discover  the  im- 
portance of  this  possible  source  of  error  have  been  made  until  re- 
cently when  one  of  us  (Bd.)  made  the  teste  which  are  Hummariaed 
in  Table  III. 


Taslb  III.— Ettect  0 

F  Slow  Dnniia  on  tb*  Ndhbbb  op  Bactibu  in 

Milk  Smeaiu. 

Films  driad 

in  ten  Ddn. 

aow\ybi 

iDfiyemin. 

insrc. 

DM  to  one  ud 

WU^iuUbtm. 

pUce. 

Stained 

•t  room 

tcmpentun. 

UMonu 

dry. 

cutMtion 

•tare. 

ABtoonu 
dry. 

<pae. 


Average  numbw  of  individual  bacteria  i 
etkoh  group 

Number  of  groups  oontaining  30  or  inoi 
individuals 

TotftI  number  of  groups  evunined 


122,700,000 
3S, 100,000 


99,840,000 
28,980,000 


247,080,000 
46,900,000 


B.  UsrlcBtmilk 
Number  of  groups  of  one  or  more  buteria 

dmilartoA. 

49,660,000 

11,040,000 

4.5 

8 

l&t 

40,740,000 

10,380,000 

4.3 

3 

173 

106,860,000 

10,740,000 

9  9 

Total  number  of  groiqw  examined 

177 

G.  Market  milk  simibr  to  A. 


AvBTBCe  number  al  bdividual  baoteria  in 
each  group 

Number  of  groups  containing  3D  or  mora 
individuals 

Total  number  of  gnn^iB  Namined. . 


40,260,000 
10,950,000 


48,360,000 
13,200,000 


103,660,000 
18,200,000 
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TaBLB  III  (OMiifHMd). 


nima  dried 

Filnu  dried 

Filma  dried 

intenmin. 

■lowly  in 

mfivemm. 

m37'C. 

onfr-hulf  hn. 

plM«. 

Stained 

Uroom 

aftcirfour 

tsmperatum. 

dry. 

cuMtion 

UBOon  u 

diy. 

Average  number  oT  individual  bkcUn*  in 
each  group , 

Number  of  gioupe  containing  30  or  : 
individuaU 

Total  number  of  graupe  examined 


716,000 
80,000 


E.  MaAet  milk  iimiUi  to  D  in  hirtory  but  containing  very  few  etumpa  of  bMteru. 
Number  of  individual  bacteria  per  c.  c 


Avenge  numbv  of  individual  bacteria  in 

each  iroup 

Number  of  groopa  oontajning  30  or  j 


Total  number  of  groupa  examined. . 


F.  SefMuated  aUm  milk  contalzdng  a  predominant  colon4ike  ra 


Number  of  poupa  of  one  or  mora  baotwia 

7,825,000 

S,225,00O 

1.6 

0 
3M 

11,040,000 
6,666.000 

Average  number  <A  individual  bacteria  in 

individuato 

*  On*  graup  eontaining  about  000  Individual  baotvria  waa  diareganled  in  computing 
tUa  average.  If  it  had  been  ineluded  thia  oouat  would  have  become  961,000  per  c.  a. 
and  the  avwage  Mm  of  group  14. 

t  One  gimp  of  78  waa  dinegarded  in  computing  thia  avB«ge.  If  it  had  been 
btduded  thii  count  would  have  become  79.000  per  c.  e.  and  ,the  avenge  (^  ^ 
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Tabu  III  {eontinuei). 


FHiM  dried. 

Filnu  dried 

nimt  dried 

in  tenmin. 

slowly  m 

iafivomiD. 

in  arc. 

inawMm 

iDcubator. 

one-hilfhre. 

&^ 

Stained 

st  room 

MBOonaa 

dftysin- 

dry. 

UBOOUM 

>t  37°  C. 

dry. 

Average  number  of 

each  group 

Number  of  gnnlpB 


individual  b&cteris  i 

tin  twining    30  OT    mO) 


12,665,000 

11,820,000 

0 
2,364 

16,420,000 
14,410,000 


14,636,000 
11,066,000 


The  purpose  of  these  teste  was  twofold.  One  was  to  find  out 
whether  bacteria  would  grow  in  the  dried  films  of  milk  if  allowed 
to  stand  for  some  time  before  staining  them  and  the  other  was  to 
discover  wheUier  the  bacteria  grew  rapidly  enough  in  slowly  drying 
drops  of  milk  to  produce  a  noticeable  increase  in  the  count.  Three 
sets  of  preparations  were  therefore  made  from  each  of  the  seven 
sunples  of  milk  which  were  examined.  The  first  slides  were  pre- 
pared  in  the  usual  way  (see  column  one  in  table)  drying  being  ac- 
complished in  about  five  minutes  on  a  level  surface  over  whi&h  an 
incandescent  fight  was  suspended.  Staining  of  the  slides  was  carried 
out  as  soon  as  they  were  dry.  The  preparations  of  the  second  set 
(see  column  two  in  table)  were  not  dried  as  rapidly,  as  it  was  feared 
that  the  heat  used  might  kill  some  of  the  bacteria.  They  were 
therefore  dried  in  a  37°  C.  incubator  in  which  place  they  dried  in 
about  ten  minutes.  After  being  dried  they  were  left  in  the  moist 
atmosphere  of  the  incubator  from  one  to  four  days  (Samples  A, 
B  and  C  one  day,  Sample  G  two  days,  Samples  D  and  E  four  days) 
and  then  stained.  The  preparations  of  the  third  set  (see  column 
three  in  Table  III)  were  dried  at  room  temperature,  the  pocess 
taking  from  one  to  one  and  a  half  hours.  Aa  soon  as  possible  after 
the  preparations  were  dried  they  were  stained. 

The  preparations  were  then  examined  in  order  to  determine  the 
following  points:  (a)  the  number  of  individual  bacteria  per  cubic 
centimeter,  (b)  the  number  of  groups  of  one  or  more  bacteria  present, 
and  (c)  the  average  number  ot  individuals  in  each  group.    At  the 
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Bame  time  the  number  of  lai^e-sized  groupe  of  bacteria  was  noted, 
all  groups  containiog  more  than  30  individuals  being  recorded.  The 
total  number  of  groups  examined  was  also  recorded,  this  being 
naturally  very  much  greater  in  the  milks  containing  numerous  bac- 
teria than  in  milk^  containing  few  bacteria. 

A  study  of  the  results  secured  shows  that  the  total  number  of 
bacteria  present  in  the  flhna  dried  and  incubated  in  the  37°  C.  incu- 
bator was  probably  no  greater  than  in  the  fihus  dried  and  stained 
quickly,  such  differences  in  counts  aa  are  shown  being  within  the  range 
of  experimental  error.  This  observation  is  much  strengthened  by  t& 
fact  that  the  average  number  of  individual  bacteria  in  the  groups 
of  bacteria  was  not  increased.  The  force  of  this  observation  is 
realized  when  it  is  remembered  that  if  growth  had  occurred  in  the 
dried  Glms  of  milk,  the  result  would  nave  been  to  form  minute 
colonies  similar  to  those  produced  on  agar  plates  or  still  more  like 
those  secured  by  Frost**  in  his  microscopical  preparations.  Dried 
films  of  milk  have  been  kept  in  this  way  for  montiis  without  any 
evidence  of  growth. 

When  comparisons  are  made  between  the  counts  made  on  the 
films  dried  and  stained  quickly  in  the  usual  way  and  similar  counts 
made  on  the  61ms  dried  slowly  at  room  temperature,  the  results  show 
very  dififerently.  The  total  number  of  bacteria  present  increased  in  all 
but  one  instance.  It  is  important  to  note  that  the  greatest  increases 
took  place  in  those  cases  where  it  was  known  that  the  bacteria  were  in 
vigorous  growing  condition  at  the  time  the  preparations  were  made. 
(Samples  A,  B  and  C.)  In  these  cases  the  number  of  bacteria  more 
than  doubled  in  the  time  required  for  drying  the  milk.  In  the  case 
of  two  samples  (D  and  E)  which  had  been  kept  on  ice  for  four  hours 
previous  to  the  time  the  tests  were  made,  it  is  probable  that  the  in- 
crease noted  in  one  case  (D)  signified  some  slow  growth  while  none 
is  indicated  by  the  results  secured  from  E.  The  results  in  the  latter 
case,  however,  are  less  significant  than  those  from  other  samples 
because  of  the  fact  that  this  sample  contained  so  few  bacteria  that  it 
was  impossible  to  examine  more  than  5  to  8  groups  in  each  prepara- 
tion in  place  of  the  hundreds  of  groups  examined  in  the  other 

Sample  F  was  an  old  skim  milk  which  had  been  kept  for  several 
days  in  the  cooler.  Some  growth  is  indicated  by  the  results  secured. 
Sample  E  was  secured  from  a  pail  of  high-grade  fresh  milk  into  which 
had  been  poured  the  contents  of  a  test  tube  of  skim  milk  containing 
an  old  culture  of  a  bacterium.  This  was  done  in  order  to  secure  a 
stymple  containing  many  oi^anisms  of  such  a  nature  that  they  did 
not  tend  to  form  clumps,  thus  making  it  possible  to  secure  more 
accurate  counts  than  where  the  milk  is  filled  with  clumps  of  bac- 
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teria  of  irr^rular  dzes.  Some  growth  is  indicated  by  the  counts 
secured  but  uie  fact  that  it  is  not  great  suggests  that  the  predominant 
organiam  was  not  in  a  vigorous  condition. 

Still  more  significant  than  the  increase  in  the  number  of  individual 
bacteria  is  the  fact  that  the  average  number  of  individual  bacteria 
in  the  groups  increased  in  all  cases  where  groups  enough  were  ex- 
amined to  snow  what  the  real  cooditionB  were.  This  clmnge  in  axe 
of  groups  and  increase  in  number  of  lai^e  groups  was  particularly 
striking  in  Samples  A,  B  and  C  and  was  dearly  evident  even  on 
casual  examination  of  the  smears.  Non-motile  bacteria  of  the  mi- 
crococcus type  bad  the  greatest  tendency  to  form  the  large-sized 
clumps,  as  would  naturally  be  expected. 

These  findings  have  an  important  bearing  <hi  the  proper  procedure 
to  use  in  making  microscopical  counts  showing  (1)  that  it  is  important 
to  dry  the  films  of  milk  as  quickly  as  possible  and  (2)  that  dry  films  of 
milk  may  be  kept  with  impunity,  if  protected,  and  stained  at  Idsure. 

Dissolving  the  fat. —  Objection  has  been  made  by  Skar**  to  dissolv- 
ing the  fat  out  of  the  milk  smears  because  of  the  poseibiUty  that  the 
dissolving  of  the  fat  may  mechanically  remove  some  bacteria  from 
tile  dried  film  of  milk.  The  same  objection  holds  in  lesser  degree 
in  regard  to  later  steps  in  the  process  such  as  washing  in  alcohol, 
staining,  washing  in  water  and  the  like.  This  objection  was  con- 
sidered when  the  present  technique  was  originally  devised  but  was 
disr^arded  when  it  proved  to  be  impossible  to  demonstrate  that 
bacteria  were  lost  in  this  way.  Abundant  proof  has  now  been  se- 
cured from  comparative  counts  made  with  the  plate  and  micro- 
scopical  methods  which  shows  that  this  loss,  if  any,  is  negligible. 
Apparently  the  dried  casein  and  nulk  albumin  act  as  perfect  fixa- 
tives. This  result  is  not  surprising  when  it  is  remembered  that  the 
bacteria  in  the  milk  do  not  occur  in  the  fat  drops  but  fioat  between 
them  in  a  colloidal  solution  which  readily  coagulates  on  heating  or 
in  aJcohoI,  embedding  the  bacteria  in  a  semisolid  coagulum  which 
is  not  dissolved  nor  attacked  in  any  subsequent  process  used  in 
staining  the  films  of  dried  milk. 

Xylol  has  generally  been  used  in  our  work  as  a  fat  solvit  but 
ether,  turpentine,  gasoline  or  other  fat  solvents  may  be  substituted 
where  more  convenient  to  use  them.  All  act  very  quickly,  but  pro- 
longed immersion  of  the  dried  films  in  these  Uquids  causes  no  hann. 

Preparing  and  staining  mUk  smears  vnthmit  removal  of  the  fat. — 
Alex.  Klein  "  was  probably  the  first  to  suggest  the  stoning  of  bac- 
teria in  liquid  suspensions  for  use  in  making  dried  films  for  counting 
bacteria.  A  similar  technique  has  been  adapted  to  stainii^  bacteria 
in  milk  by  Skar  "  which  is  also  very  sunilar  to  the  technique  used 

"  See  rootnote  25. 
■  See  footnote  9. 
"  See  f oottwte  26. 
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by  Doane  **  for  stuning  cdls  in  milk.  By  staining  the  bacteria 
in  the  milk  before  the  dried  filma  are  prepcu^  it  becomes  possible 
to  make  these  in  suitable  ocmdition  for  immediate  microscopical 
examination.  Theoretically  this  procedure  is  preferable  to  the  one 
diBCUSsed  in  this  bulletin,  for  it  removeB  all  pOBsibility  of  danger  of 
lose  of  bacteria  through  manipulation  of  the  preparation;  but  certain 
otho-  difficulties  ariae  in  making  milk  smears  which  bo  completely 
outweigh  this  theoretical  advantage  that  it  becomes  necessary  to  dis- 
regard it.  Experimentation  has  shown  that  the  stained  bacteria  are 
not  only  obscured  in  such  milk  films  by  the  fat  drops,  as  already 
pointed  out  by  one  of  us,**  but  also  bacteria  may  be  and  are  fre- 
quently overlooked  in  the  smears  because  they  have  not  stained. 

Fom-  tests  in  addition  to  those  just  referred  to  will  be  sufficient 
to  show  the  conditions  which  may  prevail:  (I)  Two  slides  were 
iv^tared  from  whole  milk  to  which  carbolated  methylene  blue  had 
been  added  in  accordance  with  the  directions  given  by  Skar,  One 
of  these  was  restained  according  to  the  method  discussed  in  this 
bulletin.  The  count  on  the  StBt  slide  showed  1 10,000  groups  of  one 
or  more  bacteria  per  cubic  centimeter  and  670,000  individual  bacteria 
pex  cubic  centimeter.  The  restMned  slide  showed  1,160,000  groups 
and  2,840,000  individual  bacteria  per  cubic  centimeter.  (2)  A  sam- 
ple of  whole  milk,  which  was  nearly  sour  with  a  predominant  Bade- 
nurn^  ladis  acidi  flora,  was  handled  in  a  ^milar  way.  A  count  of 
the  film  made  according  to  Skar's  technique  showed  282,000,000 
groups  and  346,600,000  individual  bacteria  per  cubic  centimeter. 
The  restained  fihn  showed  756,000,000  groups  and  1,225,400,000 
individual  bacteria  per  cubic  centimeter.  In  both  instances  it  was 
impossible  to  decide  how  much  of  the  increase  was  due  to  the 
ronoval  of  the  fat  drops  and  how  much  was  due  to  the  staining  of 
onstained  bacteria. 

(3)  A  trial  was  then  made  with  skim  milk  free  from  fat  drops  and 
known  to  contain  large  numbers  of  bacteria.  The  Skar  film  showed 
15,960,000  groups  and  18,060,000  individual  bacteria  per  cubic  centi- 
meter, the  predominant  oi^fanism  being  a  colon-like  rod  largely  appear- 
ing as  wnffe  individuals  and  well  scattered  on  the  field.  An  unstained 
background  showed  rod-like  bodies  of  a  similar  size.  The  restained 
film  showed  at  once  that  these  were  bacteria  and  the  count  rose  to 
558,000,000  ^oupe  and  567,900,000  individual  bacteria  per  cubic 
centimeter.  In  this  instance  there  can  be  no  question  but  that  faulty 
stwiing  was  responable  for  the  'lower  count  obtained  from  the  first 
film.  (4)  A  foiu^h  trial  with  a  skim  milk  containing  fewer  bacteria 
gave  sinular  results.  The  count  on  the  Skar  film  showed  160,000 
groups  and  240,000  individual  bacteria  per  cubic  centimeter.  The 
count  on  the  restained  film  showed  540,000  groups  and  1,280,000 

■*  DtMoe,  C.  F.    Lmieoej'tei  in  nulk  and  thdi  rignificMce.  Md.  Agr.  Esp.  Sto., 
B«L  108.  1905. 
**8m  p.  32  In  refcnnos  givMi  in  footnote  1. 
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individual  bacteria  per  cubic  centimeter.  The  increase  in  number 
waa  clearly  due  to  the  staining  of  bacteria  unaffected  by  the  first 
attempt  at  staining. 

Danger  of  overlooking  bacteria  due  to  faulty  staining. —  The  dis- 
covery of  this  difficulty  in  connection  with  attempts  to  stain  the  bac- 
teria in  the  milk  itself  raised  the  question  whether  the  method  of 
staining  described  in  this  bulletin  succeeded  in  bringing  out  all  of 
the  bacteria.  The  need  of  investigating  the  matter  was  further 
emphasized  by  occa^onal  results  secured  where  comparative  plate 
and  microscopic  counts  were  made.  The  counts  of  the  number  of 
individual  bacteria  in  milk  by  means  of  the  microscope  are  almost 
invariably  several  times  greater  than  plate  counts  made  on  the  same 
milk  but  infrequently  this  relation  is  reversed  and  rarely  compara- 
tive counts  are  secured  where  the  plate  count  is  very  much  higher 
than  the  microscopic  count.  Thus  in  the  series  of  450  comparative 
counts  reported  in  Bulletin  373  there  were  two  of  this  sort :  One  in 
which  the  plate  count  was  260,000  while  the  microscopic  count  was 
100,000  and  another  in  which  the  plate  count  was  2,150,000  and  the 
microscopic  count  960,000.  Two  striking  instances  of  the  sort  have 
occurred  in  later  comparative  work,  in  one  of  which  {microscopic 
count  — 15,000,  plate  count  — 1,500,000)  a  careful  recount  made 
by  the  microscopical  method  failed  to  reveal  any  explanation  of  the 
discrepancy  while  in  the  other  case  spore-like,  unstained  bodies 
which  could  be  easily  overlooked  were  found  in  the  smear.  An 
examination  of  the  plates  made  from  the  same  sample  showed  spore- 
forming  bacteria  to  be  present. 

These  findings  would  indicate  that  faulty  staining  of  dried  films 
plays  a  very  minor  role  in  causing  errors. 

Fixation  in  alcohol. — It  is  necessary  to  dry  the  slides  after  re- 
moving the  fat  because  the  solvents  used  do  not  mix  with  ordinary 
alcohol.  Absolute  alcohol  may  be  used  as  an  intermediary  in 
pasfflng  from  the  fat  solvent  to  the  alcohol  but  is  expensive  and 
unnecessary.  Seventy  per  ct.  grain  alcohol  is  strong  enough  to 
serve  the  purpose,  but  stronger  alcohols  may  be  used  equally  well 
or  denatured  alcohol  may  be  substituted  for  the  pure  grain  alcohol. 
Immersion  in  alcohol  should  be  long  enough  to  change  the  opaque 
whiteness  of  the  smear  to  a  semitransparent  appearance.  In  our 
work  it  has  occasionally  happened  that  dried  films  of  milk  prepared 
from  the  milk  of  cows  approaching  the  end  of  the  lactation  period 
have  proved  soluble  In  fdcohol  but~  this  is  an  unusual  condition 
which  at  once  becomes  evident  on  placing  the  film  in  alcohol. 

Staining. — In  practical  work,  the  slides  are  usually  transferred 
directly  from  the  alcohol  to  the  saturated  methylene  blue  but  they 
may  be  dried  at  this  stage  without  injury.  Other  stains  may  be 
used  but  none  have  proved  as  satisfactory  as  the  aqueous  solution 
of  methylene  blue.  Stains  containing  alkalis  should  be  avoided  as 
they  dissolve  the  smears.    Loeffler's  methylene  blue,  as  commonly 
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used  in  bacteriol<^ca1  laboratoriee,  doee  not  oont^  aufficient  alkali 
to  dissolve  the  smears  but  should  be  avoided  as  there  is  no  advantage 
in  its  use  and  frequently  through  carelessness  or  intent  it  contains 
mougb  alkali  to  cause  trouble.  Old  stains  containing  precipitates 
^ould  never  be  used  as  these  may  cling  to  the  smears  and  cause 
trouble. 

Slides. — For  many  purposes,  it  has  been  found  to  be  convenient 
to  use  ordinary  1  x  3-inch  microscope  slides,  duplicate,  triplicate 
or  even  quadruplicate  smears  being 
placed  on  the  same  slide.  Various 
methods  of  marking  out  the  one 
square  centimeter  areas  have  been 
tried  but  none  have  been  found  to 
be  more  convenient  than  to  place 
the  slide  over  counting  plates  or 
otlier  objects,  the  surface  of  which 
has  been  ruled  in  square  centi- 
meters. In  routine  work  it  has 
be^i  found  convenient  to  use  larger-sized  glass  plates,  cut  from 
ordinary  window  glass  and  secured  at  any  hardware  store  at  a 
very  small  cost,  in  place  of  the  1  x  3-inch  slides.  In  order  to 
use  as  large  a  ^ide  as  possible  on  the  stage  of  the  microscope,  a 
special  mechanical  stt^  was  secured  in  which  nearly  the  entire 
nirface  <^  2  x  ij-inch  slides  could  be  examined.  Special  slides 
were  also  secured  from  Bausch  and  Lomb  Optical  Co.  at  a  small 
cost  of  the  same  size  as  those  used  for  mounting  the  smears  on  which 
16  square  centimeter  areas  are  conveniently  placed  (see  Fig.  3). 
These  are  used  as  guide  piates,  being  placed  under  the  slide  on  which 
the  smears  are  to  be  mounted  when 
in  use.  The  margins  of  the  window 
glass  slides  on  which  the  smears  are 
mounted  are  etched  by  a  sand  blast 
along  a  strip  about  }  inch  in  width 
(Fig.  4)  in  order  to  ^ow  lead  pencil 
labeling.  These  slides  are  filed 
away  in  an  ordinary  card  filing 
case,  2-inch  library  cards  beii^t 
placed  between  the  slides.  Notes 
are  frequently  entered  on  these 
cards.  In  our  routine  work,  only  one  smear  is  made  from  a  sample 
80  that  each  slide  carries  the  record  of  16  samples  of  milk.  The 
slides  may  be  preserved  indefinitely  giving  a  valuable  record  for  ■ 
later  comparisons  or  for  reference  in  cases  of  dispute. 

STANDARDIZATION   OF  THE  inCROSCX>FE. 

If  the  proper  ocular  is  selected  for  use  with  the  oil-immersion 
loB  and  the  draw  tube  adjusted,  the  area  of  the  microscopic  field 
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can  be  made  of  such  a  nze  that  it  givee  a  mmple  figure  for  use  in 
computations.  Thus  if  the  diameter  of  the  field  is  .16  miltimeter  the 
area  covered  by  each  Seld  of  the  microscope  is  approximately  1-5000 
square  centimeter  (actually  1-4975  square  centimeter).  Under  these 
conditions  each  bacterium  seen  in  a  field  is  equivalent  to  500,000 
bacteria  per  cubic  centimeter  of  milk,  or  if  the  total  number  of 
baoteria  seen  in  100  fields  of  the  microscope  are  counted,  each 
individual  seen  is  equivalent  to  5,000  per  cubic  centimeter.  This 
gives  a  somewhat  higher  magnification  than  is  necessary  for  count- 
ing bacteria. 

After  much  experience,  it  has,  therefore,  become  our  custom  to 
use  a  field  of  such  a  raze  that  it  gives  a  300,000  factor  for  computa- 
tion. This  is  secured  by  adjusting  the  draw  tube  so  that  the  diameter 
oi  the  field  is  .205  millimeter.  In  this  case  the  number  of  bacteria  in 
a  single  field  of  the  microscope  multi- 
pUed  by  300,000  (actuaUy  302,S40), 
or  the  total  number  of  bacteria  in 
thiri^y  fields  multiplied  by  10,000,  or 
the  total  number  of  bacteria  in  100 
fields  multiplied  by  3,000  gives  the 
total  number  of  bacteria  per  cubic 


There  is  an  objection  to  using  the 
whole  field  of  the  microscopie  for  ob- 
servation in  l^t  only  the  center  of 
the  field  of  any  oil-immersion  len» 
gives  sharp  def^ition.  With  as  low 
a  magnification  as  that  which  gives 
"m£-o^T.T..  "o"L."K  *e  300,000  t.jtor,  poor  deflmtion  at 
CBOUKTBB.  the  edges  of  the  field  does  not  cause 

serious  trouble  except  with  poorly 
stuned  smears  or  where  the  number  of  bacteria  present  is  large.  This 
difficulty  is  entirely  obviated  by  using  a  special  ocular  micrometer 
of  the  form  shown  in  Figure  5.  For  use  with  a  Bausch  and  Lomb 
Optical  Co.  ocular  6.4x,  a  circle  of  8  millimeters  diameter  will  be  found 
to  be  very  convenient  If  the  draw  tube  is  so  adjusted  that  the  diam- 
eter of  tJhe  circle  becomes  .146  millimetfir  then  the  factor  necessary 
for  computation  becomes  600,000  (actually  597,708).  Ocular  micro- 
meters bearing  additional  circles  are  convenient  for  use  in  some 
cases  but  the  markings  shown  are  sufficient  for  ordinary  use.  Addi- 
tional lines  are  troublesome  as  they  tend  to  obscure  bacteria. 

niFTICULTIBS    INVOLVED   IN    COUNTINO. 

The  chief  immediate  practical  value  of  this  technique  is  for  use 
in  the  rapid  grading  of  milk.  For  routine  work  with  samples  of 
fresh  milk,  a  search  through  twenty  to  thirty  fields  of  the  microscope 
is  sufficient  to  answer  the  question  whether  so  few  bacteria  are 
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jRicaent  that  none  can  be  readily  found,  whether  they  occur  in 
aeattering  groups,  or  whether  they  are  so  abundant  that  every 
field  of  ue  microacope  shows  them  in  large  numbers.  These  three 
eonditionB  correepona  roughly  to  the  three  graden  of  milk  established 
Iqr  ijie  New  York  State  and  the  New  York  City  Codes.  The  picture 
presented  to  the  eye,  when  these  preparations  are  viewed  under 
the  microscope,  is  similar  to  that  presented  by  the  colonies  on  petri 
plates.  Smears  which  show  intermediate  conditions  must  be  ex- 
amined carefully  and  counting  resorted  to  if  the  sample  is  to  be 
graded  accurately.  The  number  of  these  border  line  samples  is 
wdinarily  relatively  few  but  will  vary  according  to  the  general  quality 
of  the  milk  which  is  beli^  sampled. 

llie  use  of  microscopical  methods  for  making  exact  counts  in- 
volves certain  difficulties  not  met  with  where  tlwse  techniques  are 
used  for  rapid  grading.  It  requires  nearly  as  much  work  to  make 
an  accurate  count  wiui  a  microscopical  method  as  with  the  plate 
method.  However,  for  certain  classes  of  research  work  they  are 
eaaential  methods,  as  it  is  only  in  this  way  that  the  total  number 
<rf  individual  bacteria  can  be  determined.  Moreover,  counts  may  be 
secured  in  very  much  shorter  time. 

In  mftVing  exact  counts  the  following  niore  or  less  arbitrary  rules 
have  been  drawn  up: 

1.  Incompletely  divided  forms  are  to  be  counted  as  two  individuals. 

2.  As  careful  estimates  as  possible  are  to  be  made  of  the  compact 
masses  of  micrococci  or  other  forms  but  all  counts  made  from  smears 
ecmtaining  such  clumps  shall  be  regarded  as  of  doubtful  accuracy. 

3.  Bacteria  within  ceUs  are  to  i>e  counted. 

4.  Single  individual  objects  in  high-grade  milk  having  the  ap- 
pearance of  bacteria  are  to  be  r^arded  as  doubtful  bacteria  especially 
if  they  have  the  appearance  of  cocci  or  if  they  differ  in  morpholi^y 
from  the  other  undoubted  bacteria  present.  These  bodies  may  be 
chromatin  masses  from  the  disintegrating  nuclei  of  tissue  cells,  or 
possibly  dead  udder  cocci.  They  are  rarely,  if  ever,  present  in  large 
numbers  and  are  never  troublesome  except  occasionally  in  high- 
grade  milks  and  then  only  when  exact  counts  are  desired. 

In  making  counts  of  groups  of  bacteria  imder  the  microscope, 
it  is  our  custom  to  count  as  separate  groups  all  masses  of  bacteria 
which  look  as  if  they  would  break  apart  in  making  dilutions  so  as 
to  form  separate  colonies  on  the  plates,  whether  containing  one 
bacterium  or  thousands.  This  rule  leaves  much  to  be  desired,  as 
its  interpretation  depends  entirely  u[>on  the  jui^ment  of  the  in- 
dividual who  makes  the  count;  but  no  better  statement  of  the  case 
has  suggested  itself. 

"He  number  of  fields  which  should  be  counted  is  dependent  upon 
the  accuracy  demred.  Experience  has  shown  that  it  is  scarcely 
ever  wocth  while  for  one  person  to  coimt  over  100  fields  on  a  smear. 
AdditicHial  accural^  can  be  better  secured  t^  duplicate  samfding 
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or  by  having  two  or  more  persona  make  counts  from  the  same  prepa- 
ration. A  view  of  thirty  fields  gives  a  sufficiently  accurate  count 
in  practically  all  cases  and  remarkably  constant  group  counts  are 
obtained  in  high-count  milks  where  only  five  fields  are  counted. 
Counts  of  individuals  are  much  more  apt  to  be  variable  than  are 
counts  of  groups  because  of  the  widely  variable  number  of  indi- 
viduals in  a  group. 

possible  inaccuracy  op  count. 

Since  it  has  repeatedly  proved  possible  to  make  bacterial  counts 
of  groups  by  both  the  plate  and  microscopic  methods  which  give 
very  similar  results  especially  where  samples  of  milk  are  used  con- 
taining a  predominant  colon  or  lactic  acid  flora,  it  must  be  admitted 
that  ^th  methods  are  capable  of  making  fairly  accurate  counts 
of  the  numbers  of  groups  of  bacteria  present  when  all  conditions 
are  favorable.  (See  the  results  secured  from  the  analysis  of  Sample 
85  in  the  series  of  analyses  made  in  New  York  City*"  for  an  example 
of  this  sort.  This  milk  had  a  predonunant  Bacterium  lacHs  acidi 
flora).  However,  since  widely  discrepant  counts  may  be  and  are 
frequently  found,  it  is  also  equally  clear  that  either  or  both  methods 
of  counting  bacteria  are  subject  to  errors  due  either  to  faulty  manip- 
ulation or  to  inherent  differences  in  the  milk  sampled.  There  is 
likewise  the  possibility  that  both  of  these  causes  may  play  a  part 
in  bringing  about  the  annoying  discrepancies  which  occur.  Fuitber 
investigations  are  needed  before  entirely  satisfactory  explanations 
of  these  discrepancies  can  be  given. 

Certain  chances  of  error  are  present  in  the  microscopical  technique, 
the  most  important  of  which  seem  to  be: 

1.  Faulty  measurement  of  the  original  sample  of  milk. 

2.  Growth  of  bacteria  after  the  sample  is  taken,  especially  in 
the  drop  of  milk  while  it  is  dryii^. 

3.  Inaccurate  counting  due  to  carelessness,  poor  preparations, 
differences  in  judgment  as  to  what  constitutes  an  individual  or 
group,  or  to  mistaking  objects  for  bacteria  which  are  not  bacteria. 

4.  Irregular  distribution  of  bacteria  in  clumps  of  irregular  sizes. 
Where  a  milk  contains  climaps  of  bacteria  of  large  size,  it  is  im- 
possible to  make  a  satisfactory  count  of  the  number  of  individual 
bacteria. 

Sources  of  error  commonly  ui^ed  which  do  not  seem  to  play  any 
important  part  in  caumng  errors  are: 

1.  Error  due  to  small  amount  of  milk  examined.  This  error 
averages  no  larger  for  the  microscopic  technique  than  for  the  plating 
technique.  The  amount  of  milk  ordinarily  examined  by  the  micro- 
scope is  less  than  that  examined  by  the  plate  count  in  low-count 
milks  but  is  larger  in  the  case  of  high-count  milks. 

**  See  p.  238$-7  in  rBferaooe  given  in  footaiote  24, 
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2.  Errors  due  to  waging  bacteria  out  of  smeore,  or  to  adding 
them  by  the  use  of  unsterilized  pipettes,  washing  from  smear  to 
smear,  and  the  like. 

3.  Errors  due  to  the  counting  of  dead  bacteria.  Very  few  dead 
bacteria  occur  in  fresh,  unpasteurized  milks.  Moreover,  if  they  do 
occur,  they  are  as  agnificant  in  interpreting  the  past  history  of  the 
milk  as  are  living  bacteria. 

PRACTICAL  APPLICATION  OF  THE  MICROSCOPICAL 

EXAMINATION  OF  MILK  TO  COMMERCIAL 

GRADING. 

In  practical  use,  it  has  been  found  possible  to  detemune  whether 
a  given  sample  of  milk  will  give  a  plate  count  less  than  60,000,  less 
fhan  200,000  or  less  than  1,500,000  with  a  relatively  small  perceuts^ 
of  error.  Thus  this  technique  has  a  lat^e  field  of  usefulness  for 
milk  dealers  who  wish  to  determine  quickly  and  cheaply  whether 
the  milk  which  they  are  handling  will  conform  to  requirements 
which  they  are  compelled  to  meet.  At  least  three  milk  companies 
in  the  State  have,  within  the  past  year,  been  making  use  in  this  way 
of  the  microscopical  technique  here  described  with  such  satisfactory 
results  that  they  expect  to  continue  and  extend  its  use. 

The  Station  has  at  the  same  time  been  making  a  practical  test 
of  the  technique  in  an  experimental  way  in  connection  with 
local  milk  control  work.  After  a  preliminary  trial,  in  which  en- 
tirely satisfactory  results  were  secured,  contracts  were  drawn  up 
between  two  local  milk  companies  and  the  producers  making 
the  microscopical  examinations  of  their  milk  by  the  Station  the 
barns  for  payment.  This  system  has  now  been  in  force  since  April  1, 
1915,  and  has  given  satisfaction  to  all  parties  concerned.  Frequent 
comparative  counts  made  by  the  microscopical  and  the  plate  methods 
have  given  clear  indication  that  the  farmers  received  fairer  treatment 
frona  the  use  of  the  microscopical  method  of  grading  than  they 
would  have  received  if  the  plate  method  of  grading  had  been  used. 
This  has  come  about  largely  because  it  has  been  possible  to  make  a 
weekly  examination  of  each  individual  can  of  milk  brought  in  by  each 
man.  Likewise,  fairer  judgment  as  to  the  quahty  of  the  milk  is 
secured  where  it  is  posdble  to  recognize  not  only  the  numbers  but  also 
the  morphology  of  the  bacteria  present  as  is  always  the  case  when  the 
milk  is  atamined  by  the  microscopical  method.  In  this  way  several 
instances  have  been  detected  where  the  sole  cause  of  the  high-count 
milk  brought  in  by  individual  farmers  was  due  to  the  milk  of  cows 
with  &  streptococcus  infection.  No  difficulty  was  encountered  in 
stopping  the  presentation  of  this  type  of  milk  at  the  mUk  stations, 
for  the  farmers  were  only  too  glad  to  find  the  source  of  the  trouble 
which  caused  their  income  from  the  sale  of  the  milk  to  become  less. 
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Id  this  milk  control  work  one  penwn  prepares  his  collecting 
caae,  goes  to  the  milk  station  one  mile  distant  .and  collects  forty  to 
seventy  samples  of  milk,  returns  to  the  laboratory,  prepares  the 
smears,  examines  them  and  has  the  results  of  the  examination  ready 
to  be  mailed  to  the  individual  farmers  within  five  hours.  During 
one  week  every  can  of  milk  delivered  at  one  of  the  milk  stations 
was  examined,  all  of  the  work  being  done  by  one  person. 

OTHER  APPLICATIONS  OF  THE  MICROSCOPICAL 
METHOD  OF  COUNTING  BACTERIA. 

Since  the  method  of  countii^  bacteria  discussed  in  this  bulletin 
was  devised,  many  inquiries  have  been  made  askins  whether  a  similar 
method  could  not  be  used  for  pasteurized  nam,  fermented  and 
sour  milks,  butter,  cheese,  whey,  catsup,  soil  and  a  great  variety  of 
other  substances.  There  is  no  reason  why  microscopical  methods 
cannot  be  used  for  these  substances  provided  accurately  measured 
quantities  of  these  materials  can  be  so  prepared  and  stained  as  to 
present  the  bacteria  clearly  differentiated  from  the  surrounding 
objects  and  evenly  distributed  over  the  preparations.  In  many 
cases  the  presence  of  dead  bacteria  in  large  numbers  may  complicate 
matters.  But  as  shown  by  'W  inslow  and  Willcomb*  errors  in  count 
from  this  source  are  not  as  great  as  might  be  expected  because  of 
the  fact  that  dead  bacteria  quickly  lose  their  staining  power.  This 
fact  has  already  been  made  use  of  by  Proca,**  and  has  also  been 
tested  by  Kayser,"  in  attempting  to  so  stain  bacteria  as  to  di»- 
tinguish  between  the  living  and  dead  individuals.  Various  inves- 
tigators have  suggested  the  use  of  gelatin,  albumen,  or  collodion 
as  materials  for  use  in  preparing  emulsions  so  that  they  will  adhere 
to  the  slide.  We  have  found  tlmt  sterilized  skim  milk  may  be  used 
in  this  way  for  diluting  whey,  high-count  fresh  milks,  and  the  like. 
The  sterilised  skim  milk  should  be  prepared  from  milk  known  to 
contain  very  few  bacteria  and  sterilization  should  be  [volonged,  as 
this  causes  the  few  bacteria  present  to  disiutegrate. 

In  some  instances  it  may  be  better  to  examine  the  material  in 
liquid  form,  in  which  case  some  form  of  the  ThomarZeiss  method 
for  counting  blood  cells  is  the  best  technique  now  available. 

Counts  made  by  means  of  the  microscope  are  likely  to  pve  much 
valuable  information  especially  where  used  in  connection  with  the 
plating  technique.  The  microscopical  examination  shows  at  once 
whether  the  plate  count  really  stands  for  a  count  of  individual 
bacteria  or  wihether  it  stands  for  a  count  of  groups  of  bacteria.    It 


. « 16. 

"  Proca,  G.  Sur  une  colontion  difEerente  de*  b«ct.  mortea.  Campl.  nnd.  Soc. 
d'bial.,Puu.    66:148-150.    1909. 

'Ksywer,  Hemrieh.  Die  Unteraobeiduiis  von  lebendan  uiid  totem  B«ktctim 
duTch  (fio  Fmibuiic.  CttUbl.  BaU..  Abt.  T.  Ong.,  U:172-176.     1912. 
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also  shows  whether  bacteria  or  spores  are  present  in  greater  Bumbers 
than  are  revealed  by  the  plate  method.  If  such  a  condition  holds 
then  further  investigation  will  show  whether  the  discrepancy  is  due 
to  the  presence  of  dead  bacteria  or  to  the  presence  of  bacteria  which 
do  not  grow  on  the  plates.  Used  in  this  way,  microscopical  methods 
of  counting  bacteria  are  Ukely  to  become  much  more  valuable 
research  methods  in  the  future  than  they  have  been  in  the  past. 
5 
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ABE   SPORE-FORMING   BACTERIA   OF  ANY 

SIGNIFICANCE   IN  SOIL   UNDER 

NORMAL  CONDITIONS? *t 

H.  JOEL  CONN. 
SUMMARY. 

1.  The  number  of  spore-fonning  bacteria  in  soil  is  relatively 
constant  and  is  about  tiie  same  in  all  the  soils  stuped.  Three  of 
the  spore-forming  bacteria  always  present  in  soil  —  B.  mycoidcs, 
B.  cereuc,  and  B.  megatherium — were  selected  for  the  purpose 
<A  compaiison,  because  their  colonies  on  gelatin  plates  are  quite 
readily  distinguishable.  The  total  number  of  ^Lese  tiiree  organ- 
isms, as  determined  by  means  of  gelatin  plates,  proved  to  be  between 
400,000  and  1,500,000  per  gram  in  the  soils  studied.  They  always 
comprised  less  ttuui  10  per  ct.  and  usually  less  than  5  per  ct  of  all 
die  colonies  developing  on  gelatin. 

2.  When  soil-inhision  was  heated,  before  plating,  at  a  tem- 
perature (75-85°  C.)  high  enouj^  to  kill  the  vegetative  forms  of 
bacteria,  nearly  if  not  quite  as  many  colonies  of  these  spore-forming 
bacteria  developed  as  when  it  was  plated  unheated.  In  about 
one-third  of  the  cases,  indeed,  Xbsv  ntunbers  were  actually  slii^tly 
higher  on  the  plates  made  after  heating;  although  all  such  differences 
imdoubtedly  lay  within  the  limits  of  the  experimental  error.  This 
suggests  that  ttiese  bacteria  occur  in  normal  soil  as  spores  rather 
than  in  a  vegetative  state. 

3.  No  increase  in  the  total  number  of  these  organisms  nor  decrease 
in  the  number  of  their  spores  could  be  detected  in  a  pot  of  soil  to 
which  fresh  manure  had  been  added. 

4.  These  results  throw  considerable  doubt  on  the  common  assump- 
tion that  these  organisms  are  important  ammoniflers  in  the  soil. 
They  raise  the  question  as  to  what  poss&le  soil  conditions  favor 
their  growth  and  multiplication. 

INTRODUCTORY. 

Among  the  best  known  of  the  soil  microdrganisms  are  the  spore- 
forming  bacteria.  They  have  been  described  as  soil  bacteria  ever 
since  the  first  bacteriolc^cal  investigations  of  soil  were  made;  and 
a  more  thorough  taxonomic  study  of  them  has  been  made  than  of 
any  other  bacteria  except  those  that  have  sanitary  significance. 

*  Read  before  the  Society  of  AmericMi  Bact^ologista  at  Uibana,  III.,  Decembte, 
1916. 
t  A  reimDt  of  Tecbnioal  Bulletin  No.  51,  March,  1916. 
166] 
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It  is  seldom,  however,  that  they  comprise  more  than  10  per  ct.  erf 
the  total  flora  of  soil.  In  1903  Hiltner  and  Stormer '  recognized 
three  groups  of  colonies  upon  gelatin  plates  made  from  Hoil:  liquefiera, 
DOn-hquefiers  and  Streptothm.  The  Lquefiera  averaged  about 
5  per  ct.  of  the  total  flora.  The  ordinary  spore-forming  bacteria 
in  soil  are  all  rapid  Uqueflers  and  must  have  been  included  in  thia 
5  per  ct,  mentioned  by  Hiltner  and  Stormer.  Similar  results  have 
been  obtained  by  various  other  investigators. 

The  spore-forming  bacteria,  B.  mycoides,  B.  eereus,  and  B.  megor- 
iherium,  are  practically  always  present  in  soil  and  have  always  been 
coDffldered  characteristic  and  important  soil  organisms.  These 
bactcsia  develop  on  gelatin  or  agar  plates  much  more  rapidly  than 
those  which  comprise  the  othA'  90-96  per  ct.  of  the  soil  flora,  and 
farm  large,  striking  colonies.  They  are  among  the  largest  of  all 
bacteria  and  have  an  unusually  interesting  morpho](^y,  so  it  is 
not  surprising  that  they  have  been  studied  the  most  extensively 
<t  all  the  soil  organiBms  growing  in  ordinary  media,  in  spite  of  the 
bet  that  they  are  not  very  abundant  in  soil.  In  nitrogenous  culture 
media  these  bacteria  grow  rapidly  and  cause  a  vigorous  ammonifi- 
cstitHi.  For  this  reason  they  have  been  assumed  to  be  the  important 
ammonifiers  of  the  soil. 

This  assumption  was  accepted  as  reasonable  when  the  author 
began  to  study  the  bacteria  of  soil.  The  first  suspicion  to  the  con- 
trary came  when  it  was  noticed  that  the  numbers  of  these  spore- 
formers  in  the  soil  remained  almost  constant  under  all  conditions, 
irtiile  the  other  bacteria  varied  in  number  according  to  the  moisture 
emtent,  a^ation  of  the  soil,  or  other  conditions.  The  most  natural 
esplanaJtKai  for  this  seemed  to  be  that  these  bacteria  Uved  over 
mifavwable  conditions  in  tlie  form  of  spores.  It  was  soon  realized, 
however,  that  this  lu^ument  could  not  be  carried  to  its  l<^cal  cob- 
dosioD  without  assuming  that  spore-formers  were  normally  present 
in  soil  (Hily  as  spores;  in  which  case  naturally  their  numbers  would 
not  vaiy. 

EXPERIMENTAL. 

A  series  of  tests  to  investigate  this  matter  has  been  made  at  the 
New  York  Expmment  Station  during  the  past  year.  The  method 
DKd  depended  upon  the  fact  that  spores  can  resist  higher  tempera- 
tures than  the  vegetative  forms.  To  determine  the  number  of  spores 
and  vegetative  rods  present  in  any  soil,  one  lot  of  diluted  soil-infusion 
«u  plated  in  Uie  ordinary  manner,  while  a  parallel  lot  erf  the  diluted 
bfuwHi  was  heated  before  plating  for  15  or  20  minutes  at  75-85°  C. 
Theo  the  oc4cMiies  of  the  three  spore-bearers,  B.  mycoidet,  B.  eereua 
and  B.  megathaium,  appearing  on  each  set  of  plates,  were  counted. 

>  mtiBir.  I^  «^  SUn^,  K.  Sb^KD  aber  die  BaUcrienflon  dcs  AdobodoM, 
ivi  ban^dcr^  BsadoiditipiDg  ihtvt  Vcriialtaia  djkIi  *™*^  BriUDdhmc  mit  Sdiw^ 
MMimm\itt  wtd  nadi  BnAa.  KautrUdta  GamdheiUaiiU,  BicL  AbL  LokS^ 
Fwm.3:44&-U&-    UKO. 
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The  colonies  that  developed  from  the  heated  infusion  were  assumed 
to  arise  from  spores  only;  while  in  the  case  of  the  unheated  infusion 
colonies  might  arise  from  vegetative  rods  as  well. 

The  culture  medium  used  in  these  tests  was  gelatin.'  On  this 
medium  each  of  the  three  organisms  investigated  produced  a  fturly 
characteristic  colony',  so  that  it  was  ordinarily  possible  to  distinguish 
them  with  little  difficulty  from  non-apore-formers  on  the  )»ste8 
made  from  unheated  infusion.  Plates  were  incubated  at  18°  C.  for 
seven  days.  This  length  of  incubation  was  necessary  in  order  to 
allow  the  late  colonies  (particularly  of  B.  megathenum)  to  appear. 
The  chief  disadvantage  of  such  a  long  incubation  was  that  B.  mycaides 
and  B.  cereua  often  had  time  to  liquefy  the  plate  completely  unless 
high  dilutions  were  used.  Dilutions  of  1-20,000  and  sometimes 
even  1-100,000  or  1-200,000  were  necessary  in  order  to  avoid  this 
trouble.  At  such  dilutions  the  numbers  of  colonies  of  the  spore- 
fonning  bacteria  were  so  few  that  a  long  series  of  plates  had  to  be 
made  in  order  to  obtain  a  reliable  count;  and  even  then  no  signifi- 
cance could  be  attached  to  variations  in  the  count  unless  they  were 
quite  targe. 

Id  the  first  of  these  tests  a  temperature  of  85°  was  used;  but  later 
it  was  learned  that  at  temperatures  only  about  ten  degrees  higher 
than  this  large  numbers  of  the  spores  were  killed  and  it  was  sus- 
pected that  even  85°  might  destroy  some  of  them.  For  this  reason 
80°  was  used  instead  for  a  while,  and  in  the  last  tests  75°  was  used. 
To  test  the  efficiency  of  this  last  temperature  the  bacteria  developing 
on  the  plates  after  heating  the  infusion  were  studied,  and  it  was 
found  that  nothing  but  spore-bearing  bacteria  had  survived  (leaving 
out  of  account  an  occasional  colony  of  some  non-spore-forming 
tjrpe  that  might  easily  be  due  to  air  contamination). 

The  greatest  source  of  error  in  this  method  which  could  not  be 
avoided  is  the  possibility  that  the  bacteria  investigated  may  occur 
in  soil  in  clumps  or  chains  instead  of  as  isolated  individuals.  It  is 
possible  that  clumps  of  bacterial  spores  can  be  broken  up  by  the 
action  of  heat,  which  would  tend  to  increase  the  count  in  the 
heated  infusion  provided  clumps  do  occur  in  the  soil.  No  increase 
of  any  appreciable  size  has  ever  been  observed,  however;  and 
indeed,  so  far  as  microscopical  examinations  of  soil  have  been  made, 
no  evidence  has  been  obtained  of  chains  or  clumps  of  organbms 
of  this  type.  For  this  reason  this  possibility  of  error  did  not  seem 
great  enough  to  invalidate  the  conclusions. 

'  Twelve  per  ct.  of  Balatin  (Gold  Labd)  diaaolved  in  Ui>-w»t«r  and  clarified  with 
white  of  egg. 

■Although  it  was  found  poanble  to  recogime  these  e<Joiuea  after  coiiaiderablB 
experience,  the  oolony  ptoduced  by  eaoh  orgaaiam  varies  so  much  that  it  is  not  pos- 
able  to  give  descriptions  that  could  be  followed  by  anyone  wishing  to  check  up  the 
work.  There  is  bo  much  ctaifuaion  in  the  nomenclature  of  Bpore^oraiingbactwialh&t 
these  same  three  names  may  even  be  applied  to  other  types  of  bacteria  by  other 
bacterioloeiria.  Culturea  oi  the  organisma  etudted  in  this  woric  wiU  ^adlj  be  sent  to 
anyone  wishing  to  identify  them. 
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A  series  of  twenty-eix  tests  was  made.  The  results  are  givot 
in  Table  I.  The  most  strikiiig  fact  to  be  observed  at  first  gianoe 
is  the  r^pjlarity  of  the  numbers  of  these  organisms  in  the  unheated 
infusion.  The  high^  count  is  1,500,000  and  the  lowest  400,000. 
Compared  with  bacterial  counts  in  general,  these  show  remarkable 
regularity,  especially  when  it  is  considered  that  the  soils  varied  from 
poor  saud  to  richly  manured  loam  and  that  the  counts  were  made 
on  plates  of  such  high  dilution  that  comparatively  few  colonies 
were  obt^ed  on  each  plate.  The  counts  obtained  from  the  heated 
infusion  are  not  quite  as  regular:  but  if  the  first  eight  teats  are 
excluded  —  in  which  the  use  of  85  may  have  killed  a  few  spores  — 
there  is  scarcely  any  more  variation  than  in  the  case  of  the  unheated 
infusion. 

Because  of  this  regularity  in  the  counts  it  is  possible  to  obtain  - 
general  averages  that  can  be  fairly  compared  with  each  other.  The 
average  count  from  the  unheated  infusion  is  788,000,  from  the  heated 
infusion  712,000.  'Hub  slight  difference  indicates  that  there  are  veiy 
few,  if  any,  of  the  organisms  present  in  soil  in  a  form  that  can  be 
killed  by  the  temperatures  used.  Studying  the  figures  more  closely 
it  will  be  noticed  that  the  greatest  differences  between  the  two  counts 
occurred  in  the  first  eight  teats,  in  which  85"  was  used.  The  average 
count  in  these  first  eight  tests,  unheated,  was  670,000,  while  the 
average  count,  heated,  was  445,000.  In  the  last  eighteen  tests, 
however,  both  counts  averaged  nearly  the  same,  844,000  and  833,000, 
respectively. 

A  more  careful  analysis  of  the  data  yields  similar  results.  The 
last  column  of  the  table  shows  the  difference  between  the  two  counts 
with  a  plus  sign  before  it  if  the  count  obtained  from  the  unheated 
infusion  was  the  higher,  with  a  minus  sign  if  that  from  the  heated 
infusion  was  the  higher.  It  will  be  seen  that  there  are  eighteen 
cases  in  which  the  plus  sign  is  used,  and  in  these  cases  the  greatest 
difference  was  530,000,  or  if  the  tests  are  excluded  in  wMch  85° 
was  used,  it  is  400,000.  On  the  other  hand  in  the  eight  tests  in 
which  a  greater  count  was  obtained  from  the  heated  infusion  there 
is  one  difference  as  large  as  400,000.  The  average  difference  between 
the  two  counts  is  76,000  in  favor  of  the  unheated  infusion;  while 
if  the  first  eight  tests  are  excluded  it  is  only  5,300,  an  almost  negligible 
figure. 

It  might  be  concluded  from  these  data  that  some  v^etative  forms 
do  exist  in  normal  soil  and  for  this  reason  a  higher  count  was  obtuned 
Q^teen  times  from  the  unheated  infusion;  while  in  the  other  eight 
cases  a  higher  count  was  obtained  from  the  heated  infusion  because 
dumps  were  broken  up  by  the  heat.  It  is  improbable,  however,  ' 
that  these  two  factors  should  ordinarily  so  nearly  neutralise  each 
other;  nor  is  it  possible,  if  this  explanation  is  used,  to  account  for 
the  greater  average  difference  in  the  first  eight  tests  than  in  these 
in  which  lower  temperatiu«8  were  used.    It  seems  more  reasonable 
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to  explain  most  of  the  differences  in  either  direction  as  lying  within 
the  experimental  error  —  a  perfectly  plausible  assumption  in  view 
of  the  high  dilutions  used;  or  if  this  is  not  enough  to  explain 
all  the  cases  in  which  the  higher  count  was  obtained  from  the  un- 
heated  infusion,  to  aseume  that  an  occasional  less  resistant  spore 
was  killed  by  the  heat.  The  evidence  all  seems  to  indicate  that 
the  three  organisms  investigated  do  not  occur  in  soil  under  normal 
conditions  as  active  vegetative  forms,  but  as  spores.  It  is  true  that 
there  are  other  spore-forming  bacteria  in  soil  besides  these  three 
types,  in  regard  to  which  definite  data  could  not  be  obtained 
because  thdr  colonies  are  not  characteristic  enough  to  be  recc^nized 
with  certainty;  but  none  of  them  are  as  constantly  present  as  the 
three  types  studied,  and  what  evidence  is  at  hand  suggests  that  the 
same  facts  are  true  in  regard  to  them  as  in  r^ard  to  B.  mycmdea, 
B.  cereua  and  B.  megalkerium. 

It  stands  to  reason,  however,  that  these  bacteria,  so  universally 
present  in  soil,  must  grow  and  multiply  under  some  natural  con- 
ditions. It  is  known  that  they  ordinarily  thrive  in  the  presence 
of  oi^anic  matter;  so  it  seemed  not  improbable  that  they  would 
multiply  if  manure  were  added  to  soil.  A  single  experiment  has 
been  undertaken  to  test  out  this  point,  but  with  negative  results. 
In  a  pot  of  soil,  mixed  with  a  heavy  application  of  fresh  horse  manure, 
kept  under  observation  for  two  months,  there  was  at  first  a  very 
great  increase  in  the  number  of  non-spore-bearers,  but  no  appreciable 
multiplication  of  spore-formers;  nor  was  there  any  decrease  large 
enou^  to  be  detected  in  the  number  of  actual  spores.  Meanwhile 
the  wlor  of  the  soil  was  enough  to  show  that  ammonification  was 
vigorous.  It  is  perfectly  possible  that  a  repetition  of  this  test 
might  yield  different  rraults;  but  evidently  this  experiment  did  not 
furnish  the  right  conditions  for  the  growth  of  the  spore-forming 
bacteria.  Also  it  b  plain  that  ammonification  can  take  place  with- 
out them. 

These  results  leave  our  knowledge  as  to  the  significance  of  spore- 
forming  soil  bacteria  in  a  rather  unsettled  state.  It  has  been  quite 
generally  taken  for  granted  in  the  past  that  they  are  active  in  soil 
and  of  great  importance.  Perhaps  their  striking  appearance  in 
plate  culture  has  led  to  the  assumption  that  they  could  grow  with 
equal  vigor  in  soil.  Yet  they  comprise  but  a  small  part  of  the  soil 
flora,  and  even  at  that  they  do  not  seem  to  be  present  in  v^etative 
form  under  normal  conditions.  Spores  are  generally  r^arded  as 
inert. 

Nevertheless  these  spore-forming  bacteria  of  the  soil  do  not 
decrease  in  numbers,  and  spores  cannot  live  forever.  Their  occur- 
rence in  soil  cannot  be  due  to  accidental  contamination,  or  their 
numbers  would  not  be  so  constant.  If  it  is  true,  as  these  results 
indicate,  that  they  are  of  practically  no  importance  under  normal 
field  conditions,  it  becomes  a  matter  of  much  interest  to  learn  under 
what  conditions  they  can  become  active  and  multiply. 
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A  POSSIBLE   FUNCTION  OF    ACTINOMYCETES 
IN  SOIL.'t 

H.  JOEL  CONN. 
SDMMART. 

I.  In  geoeral  more  colonies  of  Actmomycetes  develop  on  plates 
made  frnn  sod  soil  than  on  those  from  cultivated  soil.  The  averts 
ratio  between  their  numbers  in  neighboring  sod  and  cultivated 
qwts  in  the  same  soil  type  is  slightiy  over  3:1.  The  tnaTlmiim 
ratio  is  about  6:1. 

3.  Actinomycetes  average  about  38  per  ct  of  tiie  total  flora  of 
sod  soil,  as  determined  by  means  c^  gelatin  plates,  but  only  about 
30  per  ct.  of  the  total  flora  of  cultivated  soil. 

3.  In  a  study  of  three  neighboring  spots  in  a  single  soil  type  it 
has  been  found  that  Actinomyces  colonies  not  only  appear  in  greater 
numbers  from  sod  tiian  fnmi  cultivated  sofl,  but  also  in  greater 
nombers  from  old  sod  than  from  sod  only  two  or  three  years  old. 

4.  This  relation  has  been  found  to  hold  with  very  few  exceptions. 
In  the  isolated  cases  where  more  Actinomyces  colonies  have  de- 
veloped from  a  sample  of  cultivated  soil  than  from  the  corresponding 
sanqile  of  sod  soil,  the  ratio  has  never  been  greater  than  i.S:i. 

5.  Although  the  reason  for  this  difference  in  numbers  has  not 
been  learned,  a  probable  explanation  seems  to  be  that  Actinomycetes 
are  active  in  the  decomposition  of  grass  roots. 

INTRODUCTORY. 

It  is  not  generally  agreed  whether  Actinomycetes  are  to  be  classed 
with  bacteria  or  with  molds.  They  are  thought  to  belong  with 
the  Hyphomycetea  by  some  mycolc^sts;  but  those  that  occur  in  the 
soil  have  generally  been  considered  in  connection  with  the  bacterial 
flora  rather  than  with  the  soil  fungi.  The  reason  why  they  have  been 
studied  by  soil  bacteriolt^ts  may  be  partly  because  Actinomycetes 
can  be  handled  by  much  the  same  methods  as  the  lower  bacteria; 
and  partly  because  both  of  these  groups  seem  to  be  much  more 
numerous  in  nomial  soil  than  molds  proper. 

The  abundance  of  Actinomycetes  in  soil  has  been  recognized  for 
some  time.     In  1903  Hiltner  and  Stdrmer  >  showed  that  of  the 

*  Read  before  the  Society  of  American  Bacteriologiata  at  Urbftiui,  111.,  Dec«mbef, 
1915. 

'  HDtiMi,  L.,  and  BMrmer,  K.  Studien  Qber  die  Bakterienflora  dee  Ack«rt>odeiia, 
nit  beecmdertf  BerQckidchtiguiig  ihrea  Verhaltens  oach  einer  Behandluai;  mit 
SdiirafelkobkinBtoff  und  nach  Bracbe.  Kaiterliclta  Qetmtdiieittamt,  Biol.  Abl. 
ImA-  u.  Fortla.  3: 445-545.     1903. 
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colonieB  developing  on  gelatin  plates  from  normal  soil,  5  per  ct.  were 
ordinarily  liquefiers,  70  per  ct.  non-liquefiers,  and  M  per  ct.  Strepto- 
thrix  (a  name  often,  although  incorrectly,  applied  to  this  group). 
Probably  everyone  who  has  plated  soil  in  gelatin,  provided  he  has 
incubated  his  plates  long  enough  for  the  slow-growing  organisms 
to  appear,  will  recognize  these  figures  as  typical  of  ordinary  soil. 

Perbat^  the  most  interesting  recent  work  on  soil  Actinomycetes 
is  that  of  Krunsky '  in  1914.  It  cont^ns  a  valuable  classiBcation 
of  these  organisms  and  shows  that  the  reason  why  few  species  have 
been  distinctly  recognized  in  the  past  is  because  the  Actinomycetes 
require  specitJ  media  in  order  to  bring  out  their  specific  character- 
istics. His  further  contention,  however,  that  these  special  media 
are  necessary  in  order  to  show  the  abundance  of  Actinomycetes  in 
soil  is  not  correct.  With  his  special  media  he  claims  to  have  found 
as  many  as  20,000  per  gram  of  soil,  but  overlooks  the  fact  that 
Hiltner  and  Stfirmer  (loc.  cit.)  found  as  many  as  2.5  millions  per 
gram.  Moreover,  in  the  work  that  forms  the  basis  of  the  present 
paper  two  or  three  million  per  gram  has  proved  to  be  a  very  common 
figure,  while  on  certain  occasions  the  number  has  reached  12  to  14 
million.  Occasionally  over  half  the  colonies  developii^  on  gelatin 
have  been  Actinomycetes  —  this  in  spite  of  the  fact  that  Krainsky 
claims  their  growth  to  be  suppressed  by  ordinary  media. 

The  great  abundance  of  Actinomycetes  in  soil  has  led  to  many 
speculations  as  to  their  significance.  It  has  often  been  stated  that 
they  are  active  agents  in  the  decomposition  of  organic  matter;  but 
their  part  in  this  process  has  not  been  definitely  studied.  Beijerinck ' 
showed  that  one  type  was  often  present  in  the  corky  layer  of  various 
roote.  He  called  this  type  Str^ttothrix  ckromogena  after  Gasperini ' 
who,  however,  had  called  it  Actinomyces  chrtmwgenua.  This  type  is 
one  of  the  most  numerous  in  soil;  yet  in  the  h^t  of  recent  work  it 
must  be  regarded  as  a  group  rather  than  a  species.  To  this  group 
belongs  the  causal  organism  of  potato  scab.  Lutman  and  Cunning- 
ham, '  indeed,  have  recently  attempted  to  show  that  the  cause  of 
this  disease  must  be  renamed  Actinomyces  chromogcnus  because  it 
agrees  in  every  particular  with  Gasperini's  description  of  that 
organism.  This  is  pl^ly  impossible;  for  Krainsky  (loc.  cit.)  has 
shown  that  at  least  four  separate  species  agree  with  the  descriptions 
that  have  been  given  to  A.  chr&mogenue. 

This  fact  brought  out  by  Krtunsky  is  very  evident  to  anyone  who 

'  Krainsky,  A.  Die  Akdnomycetea  und  ihi«  Bedeutuug  in  der  Natur.  CmlU.  /. 
B«fa.,Abt.  11,41:649-688.    1914. 

■  Beijerinck,  M.  W.  Ueber  Chinoobildung  duroh  Streptothrbc  ohromogeiuk  und 
LeboQSweiBB  diews  Mikroben.     CenM.  f.  BakC..  Abt.  n,  6:2-12.     1900. 

^  Gaspoini,  G.  Verauclie  Uber  das  OeDUB  "  Actioomyees."  Paper  preaeated  at 
the  Eleventh  Intenuitiomil  Medical  CongreM  at  Rome.  Abatraat  in  CentU.  /.  BakL, 
Abt.  I,  15:684.    1894. 

^Lutman,  B.  F,,  and  Cunningham,  Q.  C.  Puteto  scab.  V^mont  Agrie.  Exper 
St*.  Bui.  1S4.     1914. 
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naes  his  methods  for  studying  the  group.  In  fact  it  has  proved 
poesible,  by  the  use  of  other  special  media '  besides  those  described 
Dy  him,  to  recognize  many  more  types  than  those  listed  in  his  ^icle. 
Work  is  now  in  progress  along  this  line. 

This  complexity  in  the  group  and  the  confuuon  in  nomenclature, 
however,  must  not  hide  the  fact  that  an  Actinomyces  causes  potato 
scab,  nor  that  Beijerinck,  approaching  the  subject  from  an  entirely 
different  angle,  has  shown  them  to  he  associated  with  the  roots  of 
other  plants.  It  is  also  to  be  remembered  that  they  are  thought  to 
be  concerned  in  the  decomposition  of  organic  matter.  Some  recent 
ohservationB  at  the  New  York  Experiment  Station  bear  on  this 
point. 

EXPERIMENTAL. 

In  the  course  of  a  qualitative  study  of  the  bacteria  in  certain 
New  York  State  soils,  it  was  early  recognized  that  there  was  a  great 
iimilanty  between  different  soils  in  the  relative  numbers  of  Actino- 
mycetes  and  lower  bacteria  present,  provided  the  soils  were  in  the 
same  state  of  cultivation.  Later  it  also  became  evident  that  the 
Actinomycetes  were  practically  always  present  in  greater  abundance 
'n  old  sod  soil  than  in  soil  recently  cultivated.  This  difference  is  shown 
in  Table  I,  in  which  the  numbers  of  Actinomycetes  found  in  twenty 
samples  of  various  sod  soils  are  compared  with  the  numt}ers  occurring 
in  an  equal  number  of  samples  of  cultivated  soil.  Although  it  is 
possible  to  pick  out  numerous  cases  in  which  the  number  occurring 
in  some  one  of  the  cultivated  samples  is  greater  than  in  some  of  the 
sod  samples,  nevertheless  the  average  number  in  sod  soil  is  twice 
that  in  the  cultivated  soil.  The  table  also  shows  that  the  Actino- 
mycetes averaged  39.4  per  ct.  of  the  total  flora  of  sod  soil,  but  only 
21.3  per  ct.  of  the  flora  of  cultivated  soil.  There  is  only  one  instance 
(October  22, 1913)  in  which  the  percentage  of  these  organisms  in  sod 
soil  is  as  low  as  their  average  percentage  in  cultivated,  and  only 
one  (January  4,  1911)  in  which  their  percentage  in  cultivated  eoU 
is  as  high  as  their  average  percentage  in  sod. 

These  figures  furnish  a  strong  indication  that  Actinomycetes  are 
more  numerous  in  sod  than  in  cultivated  soil;  but  even  before  all 
the  data  given  in  Table  I  was  collected  the  importance  of  making 
a  more  satisfactory  comparison  was  realized.  To  do  this,  a  study 
ms  made  of  a  considerable  variety  of  soil  typesf  and  in  order  to 
avoid  as  many  as  possible  of  the  other  variable  factors  that  might  be 
involved  in  a  comparison  of  miscellaneous  soils,  two  samples  were 

'The  mcditim  which  has  given  the  best  reeults  ot  toy  yet  investigstKl  contajna; 
1,000  ce.  wftter,  15  g.  agar,  10  g.  glycerin,  1  g.  sodium  aapsragiDate,  I  u.  dextroae, 
1.5  g.  NH4HJ>0,,  0.2  g,  MgSO,,  0.1  g.  CftO.,  0.1  g.  KO,  trace  FeCU.  Funhw  media 
«n  now  being  tested  out  that  may  prove  even  more  satufactory. 

*  Hm  mhI  Domenclature  ot  the  Bureau  of  Soils  of  the  U.  S.  Depattmeat  oT  Aviculture 
hjt  been  used  in  this  work.  The  aoila  mentioned  are  described  in  the  Soil  Surveys 
■f  Ootario  and  Tompkins  Counties,  New  York,  publiidied  by  Uiia  Bureau. 


ilized  by  Google 


Repoet  op  the  Department  of  Bacterioloqt  op  the 

sssssaeass  sssssassssg 


km  1= 


H 


§g§ii§i§i§  i§§§§§§§§i 


§§§ 


:  n ;  mil ;  i ;  n  mu  \ 

IlllJlilli  IsiiillWs 


i|s£ 


H 


sSSeeSsKsS    SSeSsRsSSe 


II 


mill 

mill 


111....        -_      - 

Ill-sJiillJfll'illl 
Illl  =  i8s||«-"l!ill^ 


'S  -'"s3"-"3 3"s"a 3  2 a  a" as" R a s"=" 
illsMIIIII  lllllllll 


New  Yobk  Aoricultuhal  Experiment  Station.  77 

always  collected  on  the  same  date,  from  gpots  in  the  same  8o3  not 
more  than  a  few  yards  apart,  one  in  old  sod,  the  other  in  a  culti- 
vated field.  In  tWs  series  of  teats  thirty-eight  pairs  of  samples  were 
taken.  Also  a  second  shorter  series  of  tests  was  made  to  compare  the 
ActiDomyces  fiora  of  three  neighboring  spots  in  a  single  soil  type 
(Dunkirk  silty  clay  loam),  one  spot  fdlow,  one  in  old  sod  and  the 
third  in  grass  for  two  or  three  years  only. 

All  of  the  counts  in  these  tests  were  made  by  means  of  gelatin 
plates,  because  in  the  earlier  work  gelatin  had  been  found  the  best 
of  the  various  media  used  for  distinguishing  Actinomyces  colonies 
from  those  of  the  lower  bacteria.  The  gelatin  used  sometimes 
contained  soil-extract  and  sometimes  tap-water  alone.^  Plates 
were  always  incubated  for  seven  days  at  18"  C.  before  counting. 

The  results  of  the  first  series  of  tests  are  given  in  Table  II.  It  will 
be  seen  that  the  average  number  of  Actinomycetes  in  sod  soil  is 
nearly  twice  as  high  as  the  average  number  in  cultivated  soil;  and 
that  they  averaged  37.5  per  ct.  of  the  total  flora  in  sod  soil  but  only 
20.5  per  ct.  of  the  flora  of  cultivated  soil.  These  general  averages 
are  much  like  those  given  in  Table  I,  but  they  telt  only  a  part  of 
the  story,  as  it  is  possible  for  individual  exceptions  to  obscure  the 
differences  in  the  avers^e.  In  order  to  show  the  differences  more 
pl^nly,  the  individual  ratios  were  determined  and  they  were  averaged. 
In  the  sixth  column  of  Table  II  is  given  the  ratio  of  the  actual  number 
of  Actinomycetes  in  the  sod  soil  to  the  number  in  the  corresponding 
samples  of  cultivated  soil;  in  the  last  column  of  the  table  is  ^ven 
the  ratio  of  the  percentage  of  Actinomycetes  in  sod  soil  to  the  per- 
centage in  the  corresponding  samples  of  cultivated  soil.  A  study 
of  these  ratios  brings  out  some  information  not  shown  by  the  general 
averages. 

In  making  a  comparison  of  these  ratios  it  seemed  reasonable  to 
assume  that  those  filing  between  the  limits  of  1.2: 1  and  1 : 1.2  were 
so  near  imity  as  to  indicate  no  real  difference  in  numbers  between 
the  sod  and  cultivated  samples.  In  the  sixth  column,  giving  the  ratios 
of  the  actual  numbers  per  gram,  sixteen  cases  are  hsted  that  fell 
witlun  these  limits.  There  were  only  two  cases  (May  19, 1914,  and  the 
third  one  listed  on  November  4, 1915)  when  the  numbers  in  cultivated 
soil  were  enough  greater  than  in  .sod  to  give  a  ratio  outside  these 
limits;  and  of  these  the  greatest  ratio  was  only  1 : 1 .8.  There  werenine- 
teen  cases,  however,  in  which  the  numbers  in  sod  were  sufficiently 
greater  than  in  cultivated  soil  to  give  a  ratio  exceeding  1.2: 1;  and  of 
them  the  maximupi  ratio  was  6.4 : 1 .  The  average  ratio  of  all  thirty- 
dght  cases  was  2.15:1,  which  is  larger  than  the  ratio  between  the 
general  averages  of  columns  three  and  four.  The  figures  which  show 
what  percentage  of  the  total  fiora  consisted  of  Actinomycetes  are 

'  For  the  oompooition  of  these  madia  ees:  Conn,  H.  J.  Culture  Media  for  Use  in 
the  Plate  MeOiod  of  Countiiic  SoQ  Bacteria.  N.  Y.  AKiic.  Expar.  Sta.,  Tech.  BuL  38, 
1014. 


ilized  by  Google 


78     Report  op  the  Depaktmbnt  op  Bacteriology  of  the 


31 


tssssa  a"3aas2282S3a32i3ss2  sa 


t^isaS    !SSS!S8ii3!3S9SS«iS3»9S9    3« 


§§§  i§§i§§§§§§§§§iiii§§  §§ 


§§§§  §§§§§i§ii§§i§§§§§§§  §§ 
i§§i  iWi¥ii|ii|i§|ii§ii  11 


ii§  ii§§§§§§§§§§§§§§§i§  §§ 
III  i¥i¥ii|ij||iii§|i?l  ^i 


1|!|  iiiill 
i|j|  ijlljl 


III 

QOQO 


it 


iijiJI  IJ 


l|l|-t|lll|ll  ll 

IIHill  n 


11 


'iiiriiiiiiiiiiiiilliisf  Ij 


D„t„db,  Google 


New  Yobk  AGRlCCLTDRAli  I 


««i;o^ £   «'■«* 


sisssssass  ssiss 


KSggssid^s  ^sss 


.11  iiii 

IIKII 


§gi§i§lll  liii 

liii 

lima  ii 

immifim 


I 

111 

SI 

i 
11 


j! 
13 

h 

Hi 

ill 
'U 


D,  Google 


80      Report  of  the  Departubnt  of  Bacteriology  op  the 

somewhat  more  striking.  The  average  ratio,  it  ia  true  (as  shown  in 
the  laat  column  of  the  table)  was  2.1 : 1  or  practically  the  same  as 
the  ratio  between  the  actual  numbers  per  gram;  but  there  were 
only  four  cases  that  fell  between  the  limits  1.2:1  and  1:1.2  and 
only  two  (May  21,  1914,  and  the  third  one  listed  on  November  4, 
1915)  when  the  numbers  in  cultivated  soil  were  enough  greater  than 
in  sod  to  give  a  ratio  outside  these  limits.  These  two  cases  both 
showed  a  ratio  of  1 : 1.3  which  is  hardly  to  be  compared  with  the 
maximum  ratio,  7.2:1,  in  favor  of  aod  soil. 

The  conclusion  to  be  drawn  from  this  comparison  is  that  the  few 
exceptional  cases  in  which  there  were  more  Actinomycetes  in  the 
cultivated  soil  are  completely  overbalanced  by  the  numerous  cases 
in  which  there  were  more  in  the  aod  soil.  In  some  of  the  border- 
line cases,  the  number  of  lower  bacteria  was  greater  in  the  cultivated 
soil  than  in  the  corresponding  sod  sample,  with  the  result  that  the 
percentage  of  Actinomycetes  was  Bometimes  greater  in  the  sod 
sample  even  though  the  actual  number  was  the  same  in  both  samples. 

The  last  four  cases  in  the  table  are  of  special  interest  because  they 
were  uialyses  of  the  same  samples  collected  on  November  4,  1915, 
made  after  keeping  the  samples  in  the  laboratory  twelve  weeks. 
On  the  date  of  collection  the  ratio  obtained  in  the  case  of  one  pair  c^ 
samples  was  in  favor  of  the  cultivated  soil,  while  in  two  of  the  other 
cases  it  was  nearly  unity.  At  the  time  of  the  later  analysis  the 
ratios  in  these  three  cases  were  still  all  near  unity,  although  none 
of  them  were  actually  in  favor  of  cultivated  soil. 


Nutnbore  determiiied  by  ir 


Date. 

Actual  Nuuber  per  Ghau 

Per  Ct.  of  Total 
Floea. 

Old  sod. 

New  sod. 

Cultivated. 

Old 
■od. 

New 
•od. 

Culti- 
vated. 

May  29, 1914 

Sept.    1,1914 

Sept.  5. 1914 

Sept.  10, 1914 

Oct.  23,1914 

Sept  16, 1916 

8,000,000 
12,000,000 

8;566',666 

8,500,000 
12,000,000 

•4,000,000 
•2,400,000 
3,000,000 

2,500,000 
3,000,000 
2,500,000 

40. 
34.4 

47"2 

48'5 

20,8 
21.7 
25.2 
23. 

5,000,000 
7,500,000 

7,800,000 
6,600,000 

15.2 
13,8 
10, 
12.5 

Ava«c« 

9,800,000 

6,600,000 

2,900,000 

41.7 

23-6 

.14  1 
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Hie  results  of  the  other  series  of  tests,  comparing  three  neighboring 
mots  in  a  sin^e  soil  type,  are  given  in  Table  III.  The  numbers 
cMialned  in  this  test  were  so  constant  that  the  few  analyses  mean 
u  much  as  a  longer  series  of  irre$;ular  results.  The  average  number 
of  Actinomycetes  in  the  old  sod  was  9,800,000  per  gram,  in  the  new 
sod  6,600,000  and  in  the  cultivated  soil,  2,900,000;  or  in  percent- 
ages, they  av&age  41.7  per  ct.,  23.6  per  ct.  and  14.1  per  ct.,  respect- 
i^y,  of  the  t<^  flora  in  these  tnree  spots.  The  lowest  count 
(of  Actinomycetes)  in  old  sod  was  higher  than  the  highest  in  new 
sod,  and  the  lowest  in  new  sod  higher  than  the  highest  m  cultivated 
soil.  These  figures  indicate  that  the  number  of  Actinomycetes  in 
sod  scul  increases  as  the  age  of  the  sod  grows  greater. 

The  interpretation  of  the  figures,  however,  hii^ee  upon  the  question 
whether  these  oi^anisms  should  be  regarded  as  filamentous  fut^ 
producing  spores  or  as  unicellular  bacteria  occurring  in  filaments. 
On  ordinaiy  culture  media  they  exist  as  branched  filaments  that 
break  up  under  certain  conditions  into  short  rods  or  coccus-hke 
bodies  kjiown  as  conidia  because  of  their  similarity  to  the  conidia 
of  molds  in  method  of  formation.  When  such  cultures  are  plated, 
each  colony  ordinarily  comes  from  one  conidium  or  group  of  conidia. 
If  they  grow  similarly  in  the  soil  and  if  the  conidia  are  actually 
spores,  an  increase  in  the  number  of  colonies  on  the  plates  may 
indicate  merely  an  increase  in  roore-production.  A  few  observa- 
tioDS  are  at  luuid,  however,  to  indicate  that  Actinomycetes  occur  in 
the  soil  not  as  filaments  but  as  chains  of  short  rods  or  cocci  closely 
resemUing  ordinary  bacteria.  If  this  is  the  normal  mode  of  growth 
m  the  SOU  and  if  these  bodies  are  individuals  instead  of  spores,  an 
increase  in  the  number  of  colonies  on  the  plates  may  be  regarded  as 
mwe  nearly  representing  a  true  increase  in  the  number  of  the  organ- 
'  isms  in  the  soil. 

Making  the  assumption  that  the  latter  condition  actually  exists 
in  the  ami,  which  seems  justified  so  far  as  the  facts  are  known, 
Ibere  are  two  explanations  of  the  higher  numbers  observed  in 
sod  soil  that  seem  likdy  enough  to  be  considered.  One  is  that  sod 
smI  beoomes  more  oconpact  in  time  than  cultivated  soil  and  that 
poor  aeration  favors  the  Actinomycetes  in  some  way,  in  spite  of 
Hk  fact  that  th^  ordinuily  seem  to  like  a  good  supply  of  oxygen. 
This  explanation  does  not  well  fit  the  facts,  however;  for  it  has  been 
found  tnat  sod  sdl,  dug  up  and  well  aerated  and  then  kept  in  a  pile 
for  three  months,  may  still  retain  its  high  Actinomyces  content. 
Ihe  otfaa  ei|danatioD  which  has  been  considered  is  that  the 
AntijKnnyoet«s  are  active  in  the  decomposition  of  grass  roots  or 
fetbafm  id  plant  roots  in  general.  In  view  of  the  past  observations 
u  to  the  aasodation  between  Actinomycetes  and  plant  roots,  this 
a|4aiiatioD  eeraos  worth  bearing  in  mind.  Experiments  are  now 
hong  carried  cm  which  are  designed  to  show  whether  or  not  this 
B  UB  tme  foncUon  at  Actinomycetes  in  soil. 
6 
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THE  NUMBER  OF  COLONIES  ALLOWABLE  ON 
SATISFACTORY  AGAR  PLATES.* 

ROBERT  S.  BREED  am  W.  D.  DOTTERB£R.t 
SUMMARY. 

1.  The  work  here  reported  mcludes  a  study  of  the  coimts  made 
from  1435  agar  plates  inoculated  torn  samples  of  market  milk  and 
incubated  5  dajrs  at  21°  C;  and  also  a  study  of  the  coimts  made 
from  1056  of  die  same  plates  after  2  daja  additional  incnlMtion 
at  37°  C.  The  results  obtained  indicate  that,  for  milk  analyses, 
the  counts  made  from  plates  having  more  than  30  and  less  than 
400  colonies  on  the  plates  are  very  nearly  as  satisfactory  as  those 
obtained  ^m  plates  having  more  than  40  and  less  than  200  colonies, 
die  latter  being  the  limits  in  numbers  originally  recommeiuded 
by  the  Committee  on  Standard  Methods  for  the  Bacterial  Exsmi- 
nation  of  Milk. 

2.  Plates  having  less  than  20  or  more  than  400  colonies  on  diem 
are  shown  to  be  so  ft^quendy  widely  discrepant  that  counts 
obtained  from  them  should  never  be  trusted  unless  checked  by  com- 
parison with  plates  from  different  dilutions  having  more  dian  30 
or  less  than  400  colonies.  The  acceptance  of  counts  from  plates 
having  20  to  30  colonies  per  plate  would  not  increase  die  percentage 
of  discrepancies  greatly. 

3.  All  groups  ci  plates,  regardless  of  the  number  of  colonies  on 
tbe  plates,  showed  a  certain  percentage  of  plates  which  gave  counts 
varying  more  than  20  per  ct  from  the  accepted  average.  The 
percentage  of  discrepant  counts  of  this  sort  varied  between  37 
and  7  for  all  groups  of  plates  having  more  than  20  and  less  dian 
400  colonies  per  plate,  the  vrorst  showing  being  made  by  the  plates 
having  20  to  30  colonies  per  plate  and  the  best  by  the  plates  having 
100  to  200  colonies  per  plate. 

4.  The  discrepancies  which  occurred  in  counts  made  from  plates 
having  less  ttian  50  colonies  per  plate  were  mote  frequently  caused 
by  having  too  many  colonies  on  the  plates  than  by  having  too  few 
colonies.  This  excess  is  undoubtedly  due  to  the  influence  of  chance 
air  contaminations  which  took  place  during  the  plating.  Whiere 
the  plates  have  a  small  number  of  colonies  on  them  a  few  extra 
colonies  of  this  sort  produce  relatively  wide  discrepancies. 

5.  The  discrepancies  in  counts  made  from  plates  having  more 
than  50  colonies  pet  plate  were  more  frequentiy  caused  by  having 

*  B«print  of  part  of  Technical  Bulletin  No.  53,  May,  I9I6. 

t  The  aenior  author  of  Uiia  ^per  is  rsspoiuible  for  the  oripnal  auggesticat  of  this 
problem,  for  direction  in  cairyins  it  out  and  aid  in  preparing  the  rsEulta  [or  publi- 
cation. The  junior  author  hae  cairied  out  the  Iab(»«toiy  wOTk  and  haa  hotped  in 
preparing  the  result!  for  publioaticHi. 
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too  few  raflier  Hun  too  many  colonies  on  ttie  pUtee.  The  frequency 
<tf  this  type  of  discrepancy  became  very  marked  where  the  number 
at  colonies  exceeded  300  per  plate.  The  probable  explanation 
of  flie  excess  of  this  type  1^  irregularis  is  that  <^  overcrowding. 
Knee,  however,  there  was  always  a  certain  percentage  of  discrep- 
andes  caused  by  having  too  many  colonies  on  the  plate  even  where 
there  were  more  than  400  colonies  per  plate,  it  is  evident  that  not  all 
of  the  irregularities  are  caused  hi  this  way. 

6.  Counts  made  from  20  dupUcate  samples  of  the  same  milk  in 
five  series  of  analyses  showed  27  out  of  a  possible  100  wide  dis- 
crepancies in  the  counts  obtained  from  an  average  of  two  plates 
made  from  a  1:1000  dilution.  The  number  of  colonies  on  these 
plates  averaged  more  than  0.5  and  less  than  16.5  for  the  two  plates, 
with  one  exception,  where  the  average  was  44.  Coimts  made  from 
tiie  100  pairs  of  1:100  plates  which  had  more  than  24  and  less  than 
125  colonies  as  the  average  of  the  2  plates,  showed  only  4  out  of  a 
possible  100  iride  discrepancies. 

INTRODUCTION. 
A  pdnt  which  is  of  importance  in  making  bacteriological  counts 
is  the  limit  in  the  number  of  colonies  that  may  be  allowed  to  grow 
on  a  plate  without  introducing  serious  errors.  Probably  every  bae- 
teriolt^cal  worker  has  this  point  in  mind  in  making  counts  and  has 
hia  own  opinion  based  on  experience;  but  there  are  few  published 
data  on  the  subject.  One  place  where  the  matter  has  been  under 
discussion  is  in  connection  with  the  proposed  revision  of  standard 
methods  of  milk  analysis.  This  investigation  was  made  in  order  to 
increase  the  amount  of  information  available  for  the  use  of  the 
ctamnittees  who  have  undertaken  the  work  of  revision. 

HISTORICAL. 

It  is  mteresting  to  note  the  published  opinions  of  different  men  on 
this  point.  In  1895  Neisser'  published  an  article  in  which  he  reaches 
the  conclusion  that  plates  should  be  so  made  that  they  will  have  about 
10,000  colonies  per  plate,  which  numbers  should  then  be  estimated 
by  means  of  the  low-power  lenses  of  a  compound  microscope.  He 
ludoubtedly  believed  that  each  bacterial  cell  put  into  an  agar  plate 
would  produce  a  colony  regardless  of  overcrowding.  Three  years 
later  Hesse  and  Niedner ',  realizing,  to  some  extent  at  least,  the 
true  state  of  aftairs,  published  an  article  in  which  they  claim  that 
fi&tee  having  more  than  100  colonies  should  be  disr^arded  and  that 
under  these  conditions  the  microscope  should  not  be  used  for  counting. 

>  flriwriT,  Mai.  £He  mikrookopiMhe  Platteiufihiung  uud  ihre  epedeUe  AnweDdung 
•uf   d«   ZaUung   von   Wasaerplatten.    ZlmJir.   Byg.   u    /^att.  20:119-146.     1895. 

'  Hetee,  W.,  mtd  Neidner.  Die  MeChodik  der  baktenologiBcheQ  WavormteT- 
andmng.    Zltchr.  Hyg.  u.  Infeekt.  K:45i-4ea.    1806. 


ilized  by  Google 


84      Report  op  the  Department  of  Bactbriologt  of  the 

In  1897,  Hill '  contended  that  overcrowded  plates  would  not  pve 
reliable  resulte  in  water  analysis.  In  1899,  Jordan  and  Irrais  * 
independently  urged  the  same  thing.  Again  in  1907  Hill*  called 
attention  to  the  point  in  a  paper  read  before  the  laboratory  section 
of  the  American  Public  Health  Association  in  which  he  pointed  out 
that  wide  discrepancies  in  counts  might  be  caused  by  different  methods 
of  computation  and  concluded  that  only  those  plates  havii^  num- 
bers of  colonies  falling  between  40  and  200  per  plate  should  be  con- 
sidered in  reporting  results.  These  figures  were  adopted  in  the 
report  *  presented  by  the  Committee  on  Standard  Methods  for  the 
Bacterial  Examination  of  Milk  at  the  Richmond  meeting  of  the 
American  Public  Health  Association.  In  the  Report '  presented 
at  the  Rochester  meeting  in  September,  1915,  the  lower  limit  in  the 
number  of  colonies  allowable  on  agar  plates  was  changed  from  40 
to  30,  and  the  limite  of  30  and  200  were  also  accepted  by  the  C<Hn- 
mittee  on  Standard  Methods  of  Bacterial  Water  Analsrsis  in  their 
Rep(nl'  presented  at  the  same  meeting. 

stateuent  of  problem. 

It  is  generally  recognized  that  the  kind  of  bacteria  present  in  the 
material  under  eiamination  will  have  an  influence  on  the  size  of  the 
colonies  and,  consequently,  on  the  number  that  can  develop  on  a 
plate.  Some  of  the  commonest  and  most  important  bacteria  in 
milk  do  not  produce  colonies  larger  than  pin  points  on  ordinary 
^ars  even  when  only  a  few  are  present.  Other  colonies  grow  large 
and  in  the  case  of  spreaders  may  cover  the  entire  plate. 

Just  what  prevents  the  development  of  all  the  bacteria  into  colonies 
on  crowded  plates  is  not  thoroughly  understood.  In  some  cases 
it  may  be  because  the  food  material  is  all  used  up.  In  otha«  it  is 
clearly  due  to  the  fact  that  by~producte  of  bactenaJ  growth  inhibit 
the  growth  of  other  colonies;  and  occasionally  colonies  fuse  or  over- 
grow each  other  and  so  reduce  the  count.  On  the  other  hand  colonies 
growing  side  by  side  sometimes  stimulate  each  other,  a  phenomenon 
which  has  been  noted  in  this  work  on  plates  containing  Isjge  numbers 
of  B.  InUgarieue  with  an  occasional  mold  or  bacterial  colony  of  a 
different  type.  The  molds  and  many  bacteria  so  stimulate  ihe 
B.  bidgaricut  that  these  organisms  form  visible  colonies  in  the 
region  of  these  larger  colonies,  ffulii^  to  develop  in  all  other  parts  ot 

'  Hill,  H.  W.,  •ad  £llmB,  Joeqih  W.  Bqimt  on  Brooklyn  Water  Supply,  pp.  164- 
169.    1897. 

*  Jordan,  E.  0.,  and  Irons,  E.  E.  Notes  on  Bacterul  Water  Aialym.  Amer. 
Pub.  Health  Aw'n.    PuUtc  Htallh  Papert  md  Btporti  25:W4-«6e.    1899. 

■HUl,  H.  W.  The  Hathematiss  of  tiie  BacterUl  Cotuit.  Ama:  Jour.  Pvb.  Hyg- 
18  (N.  S.  4):300-3t0.    1908. 

■Report  of  the  Conuuitt«e  on  Btudard  MeUMida  of  Bacterial  MQkAnalj'aa.  Amtr. 
Jour.  Pub.  Byg.  30  (N.  8  6):31&-346.    1910. 

'Report  oE  the  Commjtt«e  on  Standard  Metboda  td 
MUk.    Amer.  Jow.  FiA.  BedUk.    2:1261-1262.    1915. 

*  Not  yet  publiriied. 
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tite  plate.  A  ^nular  condition  has  been  noted  in  plating  material 
containii^  ]aigfi  numbers  of  long-chfuued  streptococci.  Tliis  phe- 
nomenon naturally  produces  marked  irregularities  in  count  wtum 
it  occurs. 

Because  of  these  and  other  difficulties  certain  plates  in  any  senes 
made  from  a  given  sample  are  more  satisfactory  for  use  in  com- 
puting a  total  count  than  are  others.  The  matter  of  selecting  plates 
to  be  used  in  computing  a  count  therefore  becomes  a  matter  requiring 
c(msden^le  judgment. 

EXPERIMENTAL  DATA. 

A.  ANALYSES  MADE  IN  THE  STATION  LABORATORY. 

The  object  of  this  study  has  been  to  determine  the  limits  in  the 
number  of  colonies  on  plates  which  are  satisfactory  for  making  hae- 
terial  counts.  The  data  used  have  been  obtadned  by  plating  market 
milk  samples  on  standard  agar  in  triplicate  and  in  three  different 
dilutions,  incubating  for  Bvedaya  at  21''C.  following  with  an  incubation 
for  two  days  at  37°  C.  The  plates  were  counted  at  the  end  of  five 
days  and  again  after  the  two  days  incubation  at  37°  C.  The  five- 
day  and  seven-day  counts  are  tabulated  separately  and  show  the 
conditions  for  each  period  of  incubation. 

In  deciding  which  plate  counts  to  select  as  probably  nearest 
correct  it  became  necessary  to  discard  all  of  the  counts  on  a  few 
Btunples  where  no  satisfactory  average  could  be  made  because  of 
epr^iders  or  because  the  milk  contained  more  bacteria  than  was 
anticipated,  and  the  dilutions  were  not  carried  far  enough  to  give 
assurance  that  the  count  was  not  affected  by  overcrowding.  In 
selecting  individual  plate  counts  which  were  to  be  tabulated  as 
satisfactory,  those  counts  were  chosen  which  could  be  used  in  making 
an  average  without  any  individual  figure  varying  more  than  20  per 
ct.  from  the  average.  All  others  are  listed  as  discrepancies.  For 
example,  one  sample  gave  the  following  counts  per  plate,  1:100 
dilution  1944,  1472  and  1928  colonies;  1 :1000  dilution  484,  515  and 
610  colonies;  1:10,000  dilution  43,45  and  46  colonies.  The  counts 
of  484  and  515  from  the  1:1000  dilution  were  averaged  with  the 
1:10,000  counts  of  43,  45  and  46.  This  average  was  takem  as  the 
final  count  on  the  sample.  The  counts  made  on  the  1:100  plates 
were  all  listed  as  discrepancies  because  they  are  more  than  20  per  ct. 
lower  than  the  average,  and  the  count  of  610  from  one  of  the  1 :1000 
I^tes  was  also  listed  as  a  discrepancy  because  it  was  more  than  20 
per  ct.  higher  than  the  average.  Occasionally  all  of  the. nine  plates 
made  from  a  sample  could  be  included  in  the  final  average. 

Table  I  ^ves  the  number  of  plate  counts  made  after  5  days  of 
incubation  at  21°  C,  arranged  in  groups  according  to  the  number  of 
ocdonies  which  appeared  on  the  plates.  Four  hundred  and  thirty- 
nine  of  the  1435  plates  had  less  than  10  colonies  per  plate.  Only 
22.3  per  ct.  of  these  checked  within  the  20  per  ct.  Umit.    One  hundred 
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and  eighty  plates  fell  in  the  group  having  more  than  10  and  leaa  than 
20  colonies  per  plate.  Of  these  53.9  per  ct.  checked  within  the  20 
per  ct.  limit.  Percentages  calculated  for  the  groups  of  plates  having 
20  to  30,  30  to  50,  50  to  100,  100  to  200  and  200  to  400  colonies  per 
plate  were  more  or  less  variable,  showing  that  from  66.3  per  ct,  to 
93.2  per  ct.  of  the  total  number  of  plates  agreed  within  the  20  per 
ct.  limit.  The  best  percentage  of  agreement  is  shown  by  the  group 
having  more  than  100  and  less  than  200  colonies  per  plate,  and  the 


Counts  nude  after  6  days'  incubation  at  21°  C. 


DlBCRIFAMT    Pu.TBa;    I 

Check  within  20  pee 

AVBRAGB. 

■"„" 

IN  20  PER  CT.  or 

AVERAOB. 

Total 
Dumb«r 

ofpUtm 

Qbodf. 

Num- 
ber. 

Perct. 

Too 
low. 

Too 
high. 

Total 
ber.' 

Perct. 

in  group. 

0  to  10         

98 

22.3 

172 

169 

341 

77.7 

97 

63.9 

29 

54 

83 

46.1 

54 

72.9 

6 

14 

20 

27.1 

30  to  50 

67 

66.3 

11 

23 

34 

33.7 

162 

84.8 

17 

12 

29 

15.2 

179 

93.2 

8 

5 

13 

6.8 

165 

78.9 

35 

3 

28 

21.1 

100 

44  4 

114 

11 

125 

55.6 

249 

35.9 

207 

237 

444 

64.1 

20t«400 

567 

82 

67 

57 

124 

18 

601 

613 

83.1 

61 

43 

104 

16.9 

470 

82.9 

43 

64 

97 

17.1 

416 

S4.3 

37 

46 

77 

15.7 

376 

86 

23 

28 

61 

14 

100 

44-4 

114 

11 

125 

5..a 

Total  number  of  oounta  m 


ted  in  this  table,  1436. 


ilized  by  Google 


New  YOBK  AOBI  CULTURAL  EXPEBIUENT  STATION.  87 

Xkext  higbeet  by  the  group  having  between  50  and  100  colonies  per 
plate.  There  were  decidedly  fewer  piatea  giving  Batisfactory  results 
among  1^068  which  had  more  than  400  colonies  per  plate,  the  peiv 
ceotage  of  plates  which  checked  within  20  per  ct.  bNsing  44.4. 

The  results  given  in  the  lower  part  of  Table  I  were  calculated  from 
the  same  counts,  the  groups  of  plates  having  been  arranged  differently. 
From  this  part  of  the  table  it  will  be  seen  that  the  percentage  of 
discrepant  plates  is  practically  the  same  for  the  groups  of  plates 
having  20  to  400,  30  to  400,  20  to  200,  30  to  200,  or  40  to  200  colonies 
per  plate,  the  best  showing  being  made  by  the  group  of  plates  having 
more  than  40  and  leas  than  200  colonies  per  plate.  Plates  having 
less  than  30  colonies  or  more  than  400  colonies  show  very  large 
percentages  of  discrepancies. 

Table  II  gives  the  results  obtained  by  counting  1056  of  the  same 
plates  as  those  whose  counts  are  summarized  in  Tftble  I  after  two  days 
(tf  additional  incubation  at  37°  C.  In  general  the  results  obtained 
from  these  counts  are  similar  to  those  given  in  Table  I.  However,  the 
best  showings  are  made  in  this  case  by  groups  of  plates  having  more 
than  200  and  lees  than  400  colonies  per  plate  (87  per  ct.  of  satis- 
factory plates],  the  group  of  plates  having  100  to  200  colonies  (82.4 
per  ct.)  and  the  group  having  30  to  400  colonies  per  plate  (81.4  per  ct.). 
As  in  Table  I  there  is  a  marked  increase  in  the  number  of  discrepant 
counts  from  plates  having  less  than  30  or  more  than  400  colonies 
per  plate.  While  the  results  in  Table  I  favor  the  40  to  200  group 
rather  than  the  30  to  400  group  by  2.9  per  ct.,  the  same  comparison 
in  Table  II  shows  an  advantage  of  1.6  per  ct.  for  the  30  to  400  group. 
This  indicates  that  there  is  little  advantage  in  selecting  one  group 
of  piates  in  preference  to  the  other, 

in  the  fourth  and  fifth  columns  of  these  two  tables,  the  number 
of  cases  is  shown  in  which  the  discrepancy  was  caused  by  having  too 
few  or  too  many  colonies  on  the  plate.  Arranging  the  plates  In  the 
groups  0  to  10,  10  to  20,  20  to  30,  30  to  50,  50  to  100,  100  to  200, 
200  to  400  and  more  than  400  colonies  per  plate,  it  is  seen  that  there 
is  a  tendency  for  discrepancies  caused  by  having  too  many  colonies  on 
a  plate  to  occur  in  all  groups  having  less  than  50  colonies  per  plate 
(one  exception  to  this  statement  is  seen  in  the  group  0  to  10  in  Table  I) 
In  all  cases  where  more  than  50  colonies  occurred  on  the  plates, 
the  greater  number  of  discrepancies  was  caused  by  having  too  few 
colonies  on  the  plates.  The  tendency  toward  discrepancies  caused 
by  having  too  few  colonies  on  the  plates  becomes  very  marked  as 
soon  as  the  limit  of  200  colonies  per  plate  is  passed. 

These  findings  indicate  that  while  the  greater  proportion  of  the 
discrepancies  on  plates  having  less  than  50  colonies  per  plate  are 
caused  by  the  operations  of  the  laws  of  choice  and  chance,  yet  there 
is  some  factor  present  which  tends  to  cause  more  colonies  to  develop 
than  should  do  so.  In  all  probability  this  factor  is  chance  contam- 
ination from  the  air  which  occurs  during  plaUng.    As  is  well  known, 
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it  is  common  for  supposedly  sterile  check  plates  to  develop  one, 
two  or  more  colonies  on  prolonged  incubation.  The  presence  of 
these  colonies  on  inoculated  plates  having  fewer-  than  50  (  ' 
per  plate  causes  a  r^tively  large  error  in  the  counts. 


Tabu  II. —  Pl&tb  Cdunis  < 


r  NuHBKBS  or  Colonibs 


Bactcbia,  Gboupbd  b 
PER  Flats. 
Counts  made  after  5  days'  incubation  at  21°  C.  and  2  days'  incubation  at  37°  C. 


;          Qwvr. 

Ckbckbd  wim- 
m  20  PBH  CT 

OP  AVEEiOll. 

DiBCBKPAMT    PUTU;     DID     HOT 

Chick  witdn  20  pcr  ct.  or 

AVBRAOB. 

Total 
Dumber 

Num- 
ber. 

Perct. 

Too 
low. 

Too 
bicb, 

Total 
b«r.' 

Perot. 

ofpUt«- 
miroup. 

60 

28.4 

60 

91 

151 

71.6 

76 

60 

23 

28 

51 

40 

4« 

63 

8 

19 

27 

37 

55 

72.3 

5 

16 

21 

27.7 

117 

81 

14 

12 

26 

19 

127 

82.4 

16 

11 

27 

17.6 

101 

87 

14 

1 

15 

13 

78 

SO 

74 

4 

78 

60 

182 

44.2 

91 

138 

229 

65,8 

445 

79.2 

57 

61 

117 

20.8 

390 

81.4 

49 

42 

91 

18.6 

353 

77 

45 

60 

105 

23 

307 

79.7 

37 

41 

78 

20.3 

277 

79.8 

36 

34 

70 

20.2 

78 

50 

74 

4 

78 

50 

Total  number  of  oounta  Bummaiued  in  this  table,  1056. 

The  tendency  for  irregularities  due  to  having  too  few  colonies 
on  plates  to  occur  in  counts  having  50  or  more  colonies  per  plate 
is  too  well  known  to  all  bacteriolc^sts  to  require  extended  discus- 
sion.   These  are  undoubtedly  caused  by  the  effect  of  overcrowding. 
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Tbe  fact  that  not  all  of  the  discrepaDcies  on  plates  having  more  than 
400  colonies  per  plate  were  of  this  sort  is  more  significant,  for  it 
shows  that  not  all  of  the  discrepancies  on  plates  having  numerous 
colonies  are  due  to  overcrowding.  Irregularities  in  the  number  of 
bacteria  used  in  inoculating  or  chance  contaminations  are  two 
things  which  might  produce  plates  having  too  many  colonies  even 
OD  crowded  plates. 

When  all  of  these  things  are  taken  into  consideration,  it  becomes 
a  difficult  matter  to  decide  upon  the  limits  in  number  of  colonies 
which  should  be  allowed  on  plates.  It  is  at  once  clear  that  plates 
having  less  than  20  and  more  than  400  colonies  are  so  apt  to  be 
widely  diacrepant  that  counts  from  plates  of  this  sort  should  be 
disregarded.  There  are  likewise  clear  indications  that  plates  having 
between  40  and  200  colonies  per  plate  are  as  satisfactory  as  any  that 
can  be  selected.  However  the  results  secured  in  this  investigation 
do  not  indicate  that  serious  errors  would  be  introduced  in  routine 
work  by  extending  these  limits  to  30  and  400,  or  even  to  20  and  400, 
thereby  lessening  the  amoimt  of  work  necessary  to  secure  acceptable 
counts. 

B.  NEW  TOBK  CFIT  ANALYSES. 

Another  set  of  data  which  is  more  satisfactory  in  one  way  because 
d  the  fact  that  a  very  large  number  of  plates  were  made  from  a 
single  sample  of  milk,  but  which  is  also  less  satisfactory  in  another 
way  because  of  the  fact  that  it  is  more  limited  in  its  application,  has 
been  secured  from  a  set  of  analyses  made  on  November  19,  1915, 
by  five  New  York  State  laboratories  *  under  the  supervision  of  Prof. 
H.  W.  Conn.  In  this  series  20  samples  of  the  same  milk  were  sent 
to  each  laboratory  for  analyses.  Four  laboratories  made  plate 
counts,"*  one  making  them  in  duplicate  so  that  five  sets  of  plate 
counts  are  available.  These  were  made  from  two  dilutions  of  1 :100 
and  1:1000  each.  Two  plates  were  made  for  each  dilution.  Three 
laboratories  made  microscopic  counts,  one  making  them  in  duplicate 
80  that  four  sets  of  these  counts  are  available. 

The  average  of  the  accepted  plate  counts  was  4250.  The  average 
of  the  microscope  counts  of  clumps,  or  sources,  was  5590.  The 
ck»e  correspondence  in  results  obta^ed  by  these  two  very  different 
methods  of  counting  makes  it  very  probable  that  the  total  number 
(rf  groups  of  bacteria  in  this  milk  was  very  close  to  5,000  per  cubic 
centimeter.  The  1:100  dilution  pistes  gave  counts  in  which  the 
average  number  of  colonies  on  the  two  plates  varied  between  24  and 
125.  The  1:1000  plates  gave  counts  in  which  the  average  number  of 
co}<Riies  frcmi  the  two  plates  varied  between  0.5  and  16.5  with  a 
dngle  case  where  the  average  of  the  two  platas  was  44. 

■Leckri«   JjtbotmtotiBB,    North'!    SuiU^   I^borfttoriea,    N.    Y.    Citj   Board  of 
BciHli  Labcntorr,  Borden'i  Utxmtwv,  N.  Y.  Agrlii.  Exp.  Sta.  Lsborfttory. 
"FUtw  iiKulMited  for  48  hours  ttSrC. 
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If  we  arbitrarily  assume  that  plates  ^ving  a  count  more  than 
2500  above  or  below  the  average  fail  to  check  with  the  accepted 
count,  we  find  that  the  averages  of  all  but  three  of  the  100  pairs  of 
1 :100  plates  check  with  the  accepted  count  while  there  are  27  cas^  out 
of  the  100  where  the  count  from  the  1:1000  dilution  fails  to  check 
witiiin  these  limits.  It  is  important  to  note  also  that  23  of  these 
27  cases  are  instances  where  the  discrepancy  was  such  as  to  give 
a  higher  count  than  the  accepted  count,  indicating  that  chance 
contaminations  were  probably  the  chief  cause  of  trouUe. 
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A  COMPARISON  BETWEEN  AGAR  AND  GELATIN 

AS  MEDIA  FOR  THE  PLATE  METHOD 

OF  COUNTING  BACTERIA.' 

H.  JOEL  CONN  AND  W.  D.  DOTTEERER. 
SUMMARY. 

I.  A  comparisoa  has  been  made  between  the  counts  obtained  from 
509  gelatin  plates  and  641  agar  plates,  inoculated  with  various 
san^iles  of  soil,  in  order  to  determine  which  medium  was  less  Ukely 
to  show  plates  giving  widely  discrepant  counts.  As  each  soil  sample 
was  plated  in  triplicate  on  each  medium  it  was  possible  to  measure 
the  amount  of  divergence  of  each  individu&l  plate  count  from  die 
average  count  of  the  sample  from  which  it  was  made. 

3.  The  results  show  that  these  discrepant  counts  are  as  likely  to 
occur  witti  one  medium  as  with  the  other.  Thirty-three  per  ct  of 
the  agar  plates  and  33  per  ct.  of  the  gelatin  plates  gave  counts 
irtdch  varied  less  than  5  per  ct  from  the  average,  triiile  tiiere  were 
24  per  ct.  of  tiie  plates  of  each  medium  that  showed  a  divergence  of 
over  15  per  ct  from  the  average. 

3.  This  suipiirang  agreement  between  the  two  media  indicates 
Ihat  the  nature  of  the  medium  used  has  little  or  no  influence  in 
pfoducing  the  occasional  widely  discrepant  counts  which  occur. 
The  cause  of  these  must  be  sought  for  elsewhere,  either  in  chance 
contaminations  or  more  probably  in  irregularity  of  distribution  of 
die  bacteria  in  the  material  sampled. 

DISCUSSION. 

It  is  a  well-known  fact  that  gelatin  was  the  6rst  medium  to  be  used 
in  the  poured-plate  method  of  counting  and  cultivating  bacteria. 
Later  agar  was  introduced  for  the  same  purpose,  and  came  into 
general  favor  among  bacteriologists  because  of  certain  advantages 
it  pofisesaed  over  gelatin.  These  advantages  are:  that  it  will  remain 
soud  at  temperatures  so  high  as  to  melt  gelatin ;  and  that  the  oi^aoisms 
capable  of  liquefying  agar  are  so  very  rare  that  plate  cultures  in 
ordinaiy  work  are  never  lost  through  liquefaction,  as  often  occurs 
with  gelatin. 

There  are,  on  the  other  hand,  certain  advantages  of  gdatin  that 
have  kept  it  from  being  entirely  replaced  by  ^ar  for  use  in  plate 
cultures.  Perhaps  its  most  distinct  advantage  is  the  fact  that  the 
odonieH  produced  upon  it  by  different  kinds  of  bacteria  vary  more  in 

*  A  reprint  ctf  part  of  Teolmiaal  Bulletiii  No.  S3,  May,  1916. 
[91] 
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appearance  than  those  which  they  produce  upon  agar;  a  great 
advantage  when  qualitative  work  is  to  be  done,  although  of  no  signifi- 
cance for  routine  quantitative  bacterial  analyses.  Certfun  other 
advantages  claimed  for  gelatin  are  as  important  in  quantitative  as 
in  qualitative  work.  The  first  of  these  is  tiiat  gelatin  is  free  from 
the  troubleeome  growths  c£  oi^^anisms  that  spread  over  the  surface 
of  agar  in  such  a  way  as  to  obliterate  the  count  —  which  is  generally 
admitted  to  be  the  greatest  drawback  of  agar  in  ordinary  routine 
analyses.  It  has  also  been  claimed,  although  not  so  generally  ad- 
mitted, that  in  certain  fields  of  investigation  higher  counts  are 
obtained  on  gelatjn  than  on  agar.  Lastly,  it  has  been  the  impression 
in  the  minds  of  some  workers  that  there  is  lens  variation  between 
the  counts  obtained  upon  parallel  plates  with  gelatin  than  with  agar. 

As  there  was  room  fbr  doubt  upon  this  last  point,  a  summary 
of  some  of  the  work  at  this  Station  has  been  made  in  such  a  way  as 
to  throw  light  upon  the  question.  The  results  summarized  were 
all  obtained  in  the  course  of  an  investigation  of  soil  and  the  con- 
clusions, therefore,  are  not  of  general  appliction.  Their  chief 
interest  lies  in  the  fact  that  when  the  investigation  was  begun  it  was 
thought  that  agar  was  inferior  to  gelatin  in  all  of  the  respects  just 
mentioned.  After  some  experimentation,  however,  an  agar  medium 
was  found  upon  which  the  troublesome  surface  growths  did  not  occur; 
and  it  was  soon  learned  that  by  using  a  sufficiently  long  incubation 
as  high  a  count  of  the  bacteria  in  soU  *  could  be  obtajned  on  this 
medium  as  on  gelatin. 

Even  after  a  satisfactory  agar  medium  had  been  obtained,  the 
impression  remained  that  parallel  plates  gave  more  consistent  counts 
on  gelatin  than  on  agar.  Data  on  this  subject  were  at  hand,  as  a 
long  series  of  parallel  oouuts  had  been  made  upon  gelatin  and  upon 
agar,  each  sample  having  been  plated  in  two  dilutions  with  three 
or  four  plates  of  each  medium  in  each  dilution.  The  data  were  sum- 
marized to  bring  out  the  point  in  question.  As  it  may  be  of  interest 
to  others  working  with  similar  media,  this  summary  is  now  publie^ed. 

The  two  media  used  were  soil-extract  gelatin  and  aspara^nate 
agar.*  At  first  glance  it  seems  as  if  they  differed  too  widely  in 
composition  to  be  compared;  but  it  would  be  juat  as  unfair  to  com- 
pare an  agar  and  a  gelatin  medium  to  which  exactly  the  same  con- 
stituents had  been  added,  because  agar  and  gelatin  themselves  vary 
so  greatly  in  composition  and  consistency  that  a  formula  giving 
very  good  results  with  one  may  give  very  poor  results  with  the  other. 
The  comparison  between  the  soil-extract  gelatin  and  the  asparaginate 
agar  seemed  as  fair  as  poa^ble,  because  botii  media  gave  equally 
satisfactory  results  in  soil  work,  as  shown  in  the  publication  just 
mentioned. 

*  Conn,  H.  Joel.  Culture  Medi&  for  TTm  In  the  FUte  Method  of  Countiiw  Scot 
Bacterift.  N.  Y.  Agr.  Exp.  Btft.,  Tech.  BnL  38,  34  pp.,  1914;  C«n<N.  BaM.,  Abt.  U; 
44:719-734.1916. 
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An  of  the  pl&tes  included  in  this  summary  were  incubated  at  a 
temperature  of  18-19°  C.  Troubleaome  liquefaction  of  gelatin  begins 
at  this  temperature  in  about  one  week,  so  seven  days  was  chosen  as 
the  routine  incubation  time  for  gelatin.  Agar,  however,  is  not  subject 
to  liquefaction;  and  as  it  had  been  found  that  the  colonies  developed 
slowly  on  the  agar  medium  used  in  this  work,  agar  plates  were  incu- 
bated for  fourteen  days. 

The  method  of  summarizing  the  data  used  to  bring  out  the  point 
under  investigation  was  to  secure  the  average  of  all  the  individual 
plate  counts  obtained  from  a  given  sample  in  a  single  dilution, 
then  to  determine  the  variation  of  each  individual  count  in  this 
set  from  the  averse.  The  individual  couots  were  then  grouped 
according  to  the  extent  to  which  they  varied  from  the  average 
count  of  each  set.     Four  groups  were  made,  as  follows: 

1.  Plate  counts  varying  from       0  to    5  per  ct.  from  the  average. 

2.  Plate  counts  varying  from    5.1  to  15  per  ot.  from  the  average. 

3.  Plate  counts  varying  from  15.1  to  50  per  ct.  from  the  average. 

4.  Plate  counts  varying  over  50  per  ct.  from  the  average. 

Each  set  ordinarily  condsted  of  three  individual  plate  counts,  but 
occafflonally  of  as  many  as  four.  Sometimes  one  plate  in  a  set 
gave  an  unreliable  count,  generally  because  of  liquefaction  in  the  case 
of  gelatin  or  overgrowths  in  the  case  of  agar;  and  in  such  cases  the 
average  count  for  the  set  had  to  be  made  from  the  two  remaining 
plate  counts.  Ten  sets  of  gelatin  and  one  of  agar  had  to  be  omitted 
entirely  because  not  more  than  one  plate  in  each  had  given  a  reliable 
count.  The  total  number  of  gelaiin  plates  included  in  the  summary 
was  599,  of  agar  plates  641.  These  figures  show  that  liquefaction 
(rf  gelatin  proved  more  troublesome  than  overgrowths  on  agar. 

Table  1  ahows  the  number  and  percentage  of  the  individual  counts 
faDing  in  each  of  the  above  groups. 

Since  the  total  number  of  gelatin  plates  used  in  the  computation 
was  not  80  large  as  the  number  of  agar  plates,  it  is  more  important 
to  compare  the  percentages  than  the  actual  number  of  individual 
counts  in  each  group.  A  glance  at  the  table  shows  that  the  difTer- 
ences  are  too  small  to  be  of  any  significance.  This  is  particularly 
true  when  the  two  dilutions  are  considered  together.  Of  the  gelatin 
plates  32.89  per  ct.  were  within  5  per  ct.  or  less  of  the  average  count, 
vhile  32.75  per  ct.  of  the  agar  plates  fell  within  this  group.  At 
the  other  extreme  there  were  0.5  per  ct.  of  the  gelatin  plates  showing 
over  50  per  ct.  variation  and  none  of  the  agar  plates  in  that  group. 
This  Ust  difference  is  the  greatest  shown  in  any  group,  but  is  based 
apon  too  few  instances  to  mean  anything.  In  other  words  the  count 
obt^ned  on  agar  is  just  as  consistent  as  that  on  gelatin. 

These  resulfaa  do  not  necessarily  mean  that  agar  can  replace  gelatin 
otirely,  even  in  the  limited  field  investigated.  Gelatin  still  remaina 
more  aatisfactory  aa  s  bads  of  qualitative  woi^;  and  even  fto- 


ilized  by  Google 


94 


Repobt  of  the  Depabtubnt  of  Bacterioloqt. 


quantitative  work  the  counte  from  agar  were  not  as  high  as  those 
from  gelatin  unless  a  longer  incubation  period  was  used,  Nevei^ 
theless,  the  results  show  that  there  is  no  more  irregularity  between 
the  counts  obtained  from  parallel  plates  of  asparaginate  agar  than 
from  [>arallel  plates  of  soil-extract  gelatin,  and  also  that  the  lique- 
faction of  gelatin  is  a  more  troublesome  feature  than  any  of  the 
difficulties  —  such  as  surface  growths  —  that  are  peculiar  to  agar. 


Table  I.—  NtriiBEH  or 

DlPFEOENT 

Deorees  op  Variation  rBOM  the  Avbraqe. 

AvEOAoa  ConNT 

Gnonrl 

Geoup2 

GhoupS. 

ORonp4. 

V^BJATTON   FBOH  THB 

0to5 
perct. 

5.1  to  15 
pwct. 

16.1  to 
50p«ct. 

Over  CO 
perct. 

Dilution 

of 

1  to  100,000 

Number 
of  Plata, 
in  each 
group 

Gelatin 
Agar 

lOS 
107 

110 
143 

63 
70 

1 
0 

Per- 
group 

Gdatin 
Ag« 

38.3 
33.4 

39.0 
44-7 

22.3 
21.9 

0-4 
0.0 

Mutton 

of 

1  to  200,000 

Number 
ofp)at«e 
in  each 
group 

Gelatin 
Agar 

89 
103 

147 
136 

79 
83 

2 
0 

Per- 
group 

Gdatin 

Agar 

28.1 
32.1 

46.3 
42.1 

249 
25.8 

0.7 
0.0 

Both 
dilutioiu 
together 

Number 

of  pUtes 
in  each 

group 

Gdatin 

Agar 

197 
210 

267 

278 

142 
163 

3 
0 

Per- 

group 

Gelatin 
Agar 

32.89 
32.75 

43.38 

23.71 
23.87 

0.6 
0.0 
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OBSEBVATIONS  ON  SOME  DEGENERATE 
STRAINS  OF  POTATOES.* 

F.  C.  STEWART. 
SUMMARY. 

This  bulletin  giv«s  a  detailed  account  of  the  behavior  of  a  large 
number  of  potato  plants  of  known  parentage  and  belonging  to 
degenerate  strains  (^  several  different  vaiietieB. 

The  object  of  tilie  study  was  to  increase  our  knowledge  oi  the 
diseasea  or  forms  of  degeneration  known  as  leaf-roll,  corly-dwarf, 
mosaic  and  spindling-sprout  and  of  their  relation  to  the  selection 
(tf  seed  potatoes. 

A  striking  feature  of  tbe  study  was  the  frequency  witit  whkh  the 
progeny  <tf  plants  having  normal  foliage  and  high  yield  suddenly 
degenerate  into  worthless  dwarfs  affected  wi&  leaf-roU,  curiy- 
dwaif,  mosaic,  spindling-sprout  or  other  forms  of  degeneratitm. 

The  conclusion  is  reached  that  leaf-roU,  curly-dwarf  and  mosaic 
are  closely  related  disorders  due  to  &e  same  general,  undetermined 
cause.  In  some  respects  they  behave  like  bud-varieties;  but 
tfaey  present,  also,  important  points  of  difference.  All  are  trans- 
mitted throu^  the  seed  tubers.  The  pn^ieny  of  affected  {dants 
almost  invariably  become  affected. 

The  heredity  of  spindling-sprout  is  still  undetermined' and  its 
cause  is  largely  a  matter  of  conjecture.  However,  it  may  be  stated 
ttiat  spindling-sprout  is  not  correlated  witii  leaf-roll,  mosaic  or 
cnily-dwarf. 

There  is  no  evidence  that  any  one  of  the  four  forms  of  degenera- 
tion named  is  communicable  from  one  plant  to  another  except  througji 
the  medium  of  the  seed  tubers.  They  are  not  due  to  any  parasitic 
organism.  Neither  is  unfavorable  soil  or  weather  conditions  of 
flie  current  season  responsible. 

In  general,  plants  from  different  tubers  of  the  same  plant  are 
nmilar;  also,  plants  from  different  eyes  of  tiie  same  tuber  usualfy 
resemble  each  other  closely ;  but  exceptions  to  bofli  rules  are  frequent 

*  A  raprint  of  BulledD  No.  422,  July,  1916. 
7  1971 
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Various  combinatioas  of  nonnal,  mosaic,  leaf-roll  and  curly-dwarf 
plants  may  be  obtained  from  the  several  tubers  of  one  plant  or 
even  from  tiie  sevend  eyei  of  one  tuber. 

The  observations  here  recorded  seem  to  variant  the  following 
conclusions  having  a  practical  bearing  on'  the  selection  of  seed 
potatoes: 

(i)  Neitiier  nonnal  foliage  nor  high  yield  is  a  guaranty  of  pro- 
ducting  in  the  progeny  of  the  following  season.  Degeneration 
may  occur  quite  suddenly. 

(3)  It  is  unsafe  to  select  seed  potatoes  from  fields  containing  many 
degenerate  plants.  Even  tiie  normal  plants  from  such  fields  are 
liable  to  produce  worthless  progeny. 

(3)  Mosaic  threatens  to  become  an  important  factor  in  the 
prodtictton  of  seed  potatoes.    It  is  transmitted  ttuou^  tte  seed. 

(4)  It  is  doubtful  if  any  method  of  seed  selection  will  prevent 
flie  **  nmning  out "  of  seed  potatoes  under  certain  conditions. 

INTRODUCTION. 

In  the  spring  of  1914  the  Horticultural  Department  of  the  Station 
underinok  some  potato-breeding  experiments.  The  seed-Btock 
used  consisted  of  a  few  tubers  of  each  of  several  varieties  furnished 
by  Prof.  Wm.  Stuart,  of  Washington,  D.  C.  These  tubers  had 
been  grown  during  the  very  dry  season  of  1913  at  Honeoye  Falls, 
N.  Y.,  in  experimental  plats  which  the  United  States  Department 
of  Agriculture  had  at  that  place.  They  came  tiotn  plants  supposed 
to  be  healthy  and  were,  mostly,  of  normal  shape,  fair  size  and  good 
appearance.  After  notes  had  been  made  on  each  tuber  as  to  its 
size,  shape,  weight  and  depth  of  the  eyes  all  were  planted  in  fertile 
clay  loam  soil  about  the  middle  of  May.  They  were  planted  with 
much  care  by  the  tuber-unit  ayetem.  To  avoid  error,  the  pieces 
of  one  tuber  were  all  planted  before  another  tuber  was  cut  and 
wooden  stakes  were  used  to  separate  the  tuber  units.  <  A  single  piece 
was  planted  in  each  biU.  The  distance  between  hills  was  twenty 
inche& 

Early  in  July  it  became  evident  that  many  of  the  plants  were 
decidedly  abnormal.  In  every  variety  some  of  the  plants  were 
much  smaHer'  than  normal;  in  fact,  they  were  worthless  dwarfs. 
The  leaves  were  wrinkled  and  curled  and  yellowish  green  instead 
of  dark  green.    On  some  of  the  affected  plants  the  lower  leaves 
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tlNpped  prematurMy  aud  the  upper  leaves  formed  a  compact, 
bushy  head.  The  trouble  was  coofideutty  diaguoeed  aa  curly- 
dnarf.  T^  ajBiptoiDa  Bemned  to  agree  well  with  the  description  of 
eurly-dwarf  given  by  Mr.  Orton  in  bis  Bulletin  No.  64.* 

It  being  plain  that  this  lot  of  potatoes  bad  no  value  for  breeding 
cspedmeats  it  was  turned  over  to  the  writer  for  pathological  study. 
The  present  p^ier  deals  chiefly  with  the  behavior  of  these  potato 
I^ants  and  their  pr^^ny  in  1915,  although  it  includes,  also,  obser- 
Tstions  on  some  other  degenerate  strains  of  potatoes.  While  the 
writer  is  unable  to  draw  definite  conclusions  concemii^  the  causes 
of  the  degeneration  described  it  is  believed  that  the  obe^rations 
are  worthy  of  record. 

OBSERVATIONS  ON  GREEN  MOUNTAIN  JR.  IN  1914. 

ITie  variety  Green  Mountain  Jr.  appearing  to  be  the  most 
promimng  for  such  study  was  selected  for  special  observation. 
Of  this  variety  there  were  twenty-six  plants  from  ten  tubers.  In 
the  discussion  which  follows  the  original  ten  tubers  will  be  desig- 
nated by  the  coital  letters  A,  B,  C,  etc.,  in  the  order  in  which 
they  were  planted.  Tubers  A,  B,  C,  D,  E  and  F  were  cut  into  three 
seed-ineces  each;  while  tubers  G,  H,  I  and  J,  being  smaller,  were 
cut  into  two  pieces  each.  The  three  plants  produced  by  the  three 
pieces  of  tuber  A  will  be  designated  Ai,  Ai  and  A*;  those  from  tuber 
B,  Bi,  Bi  and  Bi,  etc 

All  of  the  plants  from  tubers  C,  D,  E  and  H,  eleven  in  number, 
were  very  abnormal  —  small,  yellowish,  wrinkled  and  curled.  AH 
of  the  plants  from  the  tubers  A,  B,  F  and  G  (also  eleven  in  nimiber) 
were  of  large  aiae  and,  at  the  time,  considered  nearly  or  quite  normal, 
although  toward  the  end  of  the  season  many  of  the  leaves  rolled 
upward  and  turned  brown  around  the  mai^m.  The  contrast  in 
appounnoe  between  these  two  lots  of  plants  was  very  striking, 
the  former  being  worthless  dwarfs  which  died  pr^naturely  while 
the  latter  were  large,  thrifty  and  [Hvductive.  TIhe  plants  from 
tubers  I  and  J  were  ot  special  interest.  The  two  plants  from  I  were 
mly  about  three-fourths  normal  aze.  The  leaves  were  much 
curled  and  rolled  (some  upward,  others  downward)  and  severely 
Wwned  on  the  margin.    One  of  the  two  plants  from  J  (JO  closely 

*Ortaa,  W.  A.    Potato  witt,  Uoi-Kia  uid  related  diseaacB.    XT.  S.  D.  A.  Bui. 
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resembled  those  from  I,  while  the  other  (Ji)  was  normal  in  nie 
and  appearance. 

The  average  yield  of  the  eleven  "  normal "  plants  from  tubers 
A,  B,  F  and  G  was  37.5  omices;  while  that  of  the  eleven  very  abnorm&l 
plants  from  tubers  C,  D,  E  and  H  was  only  4.22  ounces.  The  tubers 
of  the  "normal"  plants  were  of  normal  shape  for  the  variety,  namely, 
fiat-obloi^;*  while  those  of  the  abnormal  plants  were  neariy  round. 


Plant. 

Sue, 

No.  of 
tubers 

Total 
weight- 

Waght 
of 

a? 

No.  of 
tubera 

2  01. 

Bh^«oftub«. 

NorouJ... 

DwMf. ! ; 

Nonwd! '. '. 

Medium,' '. 
Nonn»l  .'.'.* 
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6 
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1 
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6 
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8 
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5 
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42 
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44.5 

33 

38,5 

48 
6 

5,5 
5.6 
6,5 
3,5 
4.5 
,75 
1.25 

38,5 

29 

23.5 

28 

48 

6,5 

7 

14,6 
15,8 
23.5 
41,5 

Oz. 
11,6 

6.5 

8 
11 

12.5 
12 

2 

5.6 

1.6 

1-75 
.75 

1.5 
.28 
.6 
.76 

9 

6 

7 

7.5 

9  5 

2 

2.5 

3.6 

4 

4.5 
10 

S 
7 
6 
5 
S 
6 
0 
1 
0 
0 
0 
0 
0 
0 
0 
6 

e 

4 
5 
7 
0 
1 
3 
3 
6 
7 

iUtroblong 

Bi 

Ci...   . 

Nearly  round 

D, 

Pi     .. 

„ t  tbe  wngbts  given  in  Table  I  do  not  agree  euctly  with 

tlu»e  given  in  Table  II.  The  differenoe  ie  due,  chiefly,  to  Bhriolcage  during  atorage. 
The  wei^ts  given  in  Table  I  were  taken  in  the  fall,  while  those  in  Table  11  wve  made 
the  f (dlowiiw  apring. 

*Btuail  (U.S.  D.  A.  BuL  No.  176:33)  describes  the  shape  of  the  b^xra  irf  Qnta 
Mtramtain  Jr.  si  "  nnind  to  oUaag,  tuuewhat  flattened." 


ilized  by  Google 


New  Yobk  Agucclturai.  Expbriubnt  Station.         101 

An  of  tbe  ten  tuben  produced  by  the  two  plants  fn>m  tuber  I, 
ofl  the  ccmtrary,  were  markedly  elongated  although  the  parent  tubw 
bad  been  neariy  round. 

Results  still  more  suiprisii^  were  obtained  from  J.  One  of  the 
two  plants,  the  one  with  abnormal  foliage  (Ji),  produced  six 
dongated  tubers  like  those  from  I,  while  the  oUier  (J|)  gave  ten 
tubers  of  the  typical  oblong  shape.     (IHatee  II  and  III.) 

After  the  tubers  had  been  wa^ed,  weighed  and  counted  they 
were  placed  in  paper  bags  (those  of  each  plant  in  a  separate  bag) 
and  stored  in  a  cool  cellar. 

Table  I  shows  for  each  of  the  twenty-dx  plants  the  number, 
^pe  and  total  weight  of  tubers,  weight  of  the  heaviest  tuber  and 
number  <A  tubers  weigfaii^  over  two  ouncee. 

OBSERVATIONS  ON  GREEN  MOUNTAIN  JR.  IN  1918. 

In  the  spring  of  1915  the  entire  product  of  the  twenty-six  plants 
above  described  "was  planted  with  great  care  in  such  manner  that 
the  performance  of  each  tuber  could  be  followed.* 

The  tubers  from  each  of  the  twenty-aix  plants  were  planted  together 
in  the  order  of  their  size  from  the  smallest  to  the  largest.  Thus  the 
plant  Ai  having  eight  tubers  (a,  b,  c,  d,  e,  f,  g  and  b  weighing  .32, 
2,  2,  3-5,  6,  7,  8.5  and  11  ounces  respectively)  provided  twenty- 
seven  seed-pieces  which,  when  planted,  became  plants  Aia,  A|bi, 
Aibi,  AiCi,  A|Ct,  A|di,  Aidi,  A|di,  Aiei,  Aiei,  AtCi,  Aif,,  A|fi,  A|fi, 
Aif ,  Aigi,  Ai&,  A|gi,  Aigi,  A,g(,  Aihi,  A|hi,  Aihj,  A,h«,  Aih»,  A|h«, 
and  Aihi.  Tuber  a,  beit^  small,  was  planted  whole.  The 
others  were  cut  into  from  two  to  seven  pieces  each  according  to 
th^r  siie.  The  pieces  of  each  tuber  were  planted  in  the  order  in 
irfiich  they  were  arrai^ed  in  the.  tuber;  that  is,  the  stmn-end  piece 
was  planted  first  and  the  bud-end  or  "  seed  "-end  piece  last;  while 
pieces  from  the  middle  portion  of  the  tuber  occupied  a  corresponding 
position  in  the  order  of  planting.  For  exwnple,  plant  A|hi  came 
from  the  stem-end  piece  of  tuber  h  of  hill  Ai;  plant  Aihi  from  a 
piece  near  the  middle  of  the  tuba;  and  plant  Aih?  from  the  bud-end 
piece  of  the  same  tuba.  This  method  was  followed  throughout 
the  entire  series.    Tubers  weighing  less  than  about  1.5  ounces  were 
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planted  whole;  hu^a-  ones  were  cut  into  pieces  wei^ng  fnsn  fine 
to  two  ouDces  each.  Table  II  givee  the  weight  of  eaoh  seed  tuber 
and  the  number  of  seed-pieces  into  which  it  was  cut 
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QENBRAL   NOTES 

After  the  plants  came  up  the  condition  of  each  was  noted,  at 
intervals  of  a  few  days,  on  the  followii^  dates:  June  14,  21,  28, 
July  5,  12  and  26. 

June  14. —  On  June  14  all  of  the  plants  except  three  were  up. 
They  were  two  to  five  inches  hi^. 
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Id  the  majority  of  cases  the  plaot  from  ihe  Btem-eod  |nece  was  the 
smallest  one  of  the  tuber  unit.  Also,  the  plant  from  the  bud-end 
piece  was  usually  the  largest.  However,  there  were  a  number  of 
ezceptioDS.  In  several  tuber  units  the  plants  were  of  uniform  size. 
Id  a  few,  the  plant  from  the  atem-end  piece  was  the  largest  and  in 
a  few  others  the  bud-end  piece  produced  the  smallest  plant  is  tiie 
onit.  Also,  there  were  instances  in  which  a  plant  from  the  middle 
portion  of  the  tuber  was  either  the  largest  or  the  smallest  plant  in 
the  unit. 

Even  at  this  early  date  it  was  apparent  that  many  of  the  plants 
were  abnonaaL  Their  leaves  were  email,  wrinkled,  folded  aod 
curled;  while  those  of  Dormal  plants  were  large,  Bat  aDd  spreading. 

Jvne  21. —  BetwecD  Juoe  14  and  21  there  were  two  light  showers. 
While  the  soil  was  dry  on  the  surface  it  can  scarcely  have  been 
possible  tiuit  the  plants  suffered  any  from  lack  of  water.  The  normal 
plants  were  nine  to  ten  inches  high.  A  considerable  number  of  the 
abnormal  plants  now  showed  one  to  three  of  the  lowermost  leaves 
dyii^.  In  some  cases  these  dying  lower  leaves  had  turned  yellow 
and  fallen.  In  others  they  were  withered,  but  remained  attached  to 
the  stem.  None  of  the  normal  plants  showed  any  tendency  to  drop 
their  lower  leaves.  The  abnormity  of  the  abnormal  plants  had 
become  considerably  more  marked  and  some  plants  which  had 
ftppeared  normal  on  June  14  were  now  clearly  abnormal.  Many 
of  the  abnomud  plants  were^yellowish  green  while  the  normal  plants 
were  dark  green. 

June  £8. —  Following  a  heavy  rain  on  June  22  the  abnormal  plants 
began  to  drop  their  lower  leaves  freely.  The  great  majority  dropped 
one  to  three  leaves  each.  This  gave  them  a  trimmed-up  appearance. 
(Hate  VI.)  None  of  the  normal  plants  were  dropping  their  leaves. 
Por  the  most  ptu^,  tile  contrast  between  normal  and  abnormal 
plants  was  striking.  However,  some  plemts  were  much  more 
abDOTmal  than  others.  Only  a  few  appeared  entirely  normal.  On 
these,  all  of  the  leaves,  even  the  lowest,  were  of  large  size,  dark 
green  color  and  flat,  spreading  habit;  while  the  leaves  of  abnormal 
Fdaots  vere  small,  wrinkled,  yellowish  green  and  oft^  curled  or 
nriled.  When  normal  and  abnormal  plants  were  seen  tc^ether  the 
diffoence  in  colw  was  plain;  but  one  seeii^  only  the  abncwmal 
pituits  might  not  have  detected  anything  abnormal  in  their  color. 

In  different  tuber-units  the  abnormal  plants  appeared  differently. 
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There  seemed  to  be  at  least  two  types  —  one  in  which  the  leaf- 
petioles  were  much  dwrtened  and  the  upper  leaves  much  wrinkled, 
rolled  or  curled  forming  a  dense,  bushy  head  (Plate  IV} ;  and  another 
in  which  the  leaves,  though  smaller  than  normal,  had  their  petioles 
only  moderately  shortened  and  the  upper  leaves  only  shghtly  wrinkled, 
rolled  or  curled.  In  both  types  some  plants  were  dropping  their 
lower  leaves,  but  some  of  the  worst  cases  of  the  bushy-head  type 
were  riot  dropping  any  leaves. 

The  plants  of  three  tuber-unite  (Aig,  Agh  and  Aii)  appeared 
different  from  all  the  rest.  While  decidedly  smaller  than  normal  they 
were  holding  all  of  th^r  leaves  which  were  -  neither  wrinkled  dot 
curled  yet  not  Bat.  The  leaves  were  partly  folded  and  stood  up 
instead  of  spreading  out.  The  leaf-petioles  were  only  slightly 
shortened.    The  color  of  the  leaves  was  nearly  normal. 

July  5. —  The  plants  were  now  of  all  sizes  from  five  to  twenty 
inches  high  and  a  motley  lot.  The  stems  of  the  larger  plants,  hereto- 
fore upr^t,  were  now  lying  on  the  ground.  This  was  the  result 
of  recent  heavy  nuns  which  had  induced  rapid  growth  and  loosened 
the  soil. 

Jvly  12. —  Up  to  this  time  the  writer  had  been  much  puzzled 
by  the  diverse  appearance  of  the  plants  in  diflferent  tuber-unita. 
It  was  thought  that  most  of  them  were  affected  with  curly-dwarf 
to  which  disease  the  abnormalities  appearing  in  the  1914  crop  had 
been  ascribed. 

While  inspecting  some  Long  Island  potato  fields  in  company  with 
Mr.  W.  A.  Orton  and  others  on  July  7  and  8  we  had  learned  from 
Mr.  Orton  to  recognize  the  mosaic  disease  of  potatoes.*  It  now 
became  clear  to  us  that  many  of  our  abnormal  plants  were  affected 
with  mosaic.  Accordingly,  in  the  observations  of  July  12,  we  were 
able  (to  some  extent,  at  least)  to  distinguish  between  plants  affected 
with  curly-dwarf  and  those  affected  with  mos^c.  Also,  at  this  time 
some  of  the  plants  b^an  to  show  symptoms  which  we  recognized 
as  belonging  to  the  leaf-roll  disease. 

Jvly  £6. —  The  changes  taking  place  between  July  12  and  July 
26  were  chiefly  along  two  lines:  (1)  The  browning  of  the  margins 
of  the  leaves  of  many  plants,  notwithstanding  the  presence  of  an 
abundance  of  moisture  in  the  soil;  (2)  the  appearance  of  leaf-roll 
symptoms  in  a  considerable  number  of  the  plants. 

*  DeecribBd  by  Mr.  Oiton  in  U.  B.  Dept.  Agr.  But  9i:42. 


ilized  by  Google 


New  York  Agriccltoral  Experwbnt  Statiok. 


105 


■  OSur  notea. —  After  July  26  the  abnormal  pUnts  deislined  rs^ndly 
and  died.  Aa  attack  of  late  blight  in  the  latter  part  of  August 
Boon  finished  the  normal  plants  so  that  all  were  dead  by 
early  September.  Doubtless  the  yield  of  the  normal  plants  was 
lowered  somewhat  by  the  attack  of  blight,  but,  fortunately,  there  was 
no  loss  from  rot.  The  dicing  was  done  at  various  times  between 
Sept^ober  24  and  October  9.  The  tubers  from  each  plant  were 
put  into  a  separate  paper  bag  and  later  washed,  counted  and  wdghed. 
The  data  thus  obtained  are  shown  in  the  accompanying  Table  III. 
The  plants  did  not  suffer  from  lack  of  water  at  any  time.  Neitho- 
did  they  suffer  from  a  superabundance  of  water.  No  sign  of  black- 
leg was  observed  and  there  were  only  traces  of  stem-end  browning 
of  the  tubers  or  other  symptoms  indicating  the  presence  of  Fuaarium 
or  VerticiUium  wilt  diseases.  (See  page  130.)  None  of  the  tuboB 
showed  any  rot,  discoloration  (ather  internal  or  external)  or  blemishee 
of  any  kind  which  would  account  for  the  foliage  srymptoms.  The 
manurial  substances  used  consisted  of  a  light  application  of  stable 
manure  and  wood  ashes  thoroughly  mixed  with  the  soil  before 
plantii^.  No  commercial  fertilizer  was  used.  The  previous  crop 
was  potatoes  which  appeared  entirely  normal. 
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DISCUSSION  OF  TABU!    m. 

A  very  little  study  of  Table  III  is  sufficient  to  coDviuce  one  that 
this  lot  of  360  potato  plants  was  very  iDteresting.  Many  important 
data  it  was  not  possible  to  show  in  the  table.  Perhaps  the  best 
way  to  present  these  data  is  to  take  up  each  of  the  plants  grown 
in  1914  and  follow  out  the  perfonnance  of  its  progeny  in  1915. 
In  doing  this  it  will  be  necessary  to  refer  frequently  to  Tables  I 
and  II  as  well  as  to  Table  III. 

Progeny  of  Ai. — ^Tbis  plant  was  thought  to  be  normal  or  nearly 
ao.  It  yielded  ei^t  tubers  of  normal  shape  and  having  a  total 
wei^t  of  42  ouDces.  In  1915  it  made  27  plants — Aia  to  Aib?  in 
TaUe  III.  Although  planted  in  fertile  soil  and  given  the  beet 
of  care  and  cultivation  14  ounces  was  the  largest  yield  of  any  of 
the  27  plants  and  only  14  tubers  weighed  more  than  two  ounces. 
The  average  yield  was  5.6  ounces  per  plant.  Ajs,  from  the  smallest 
tuber,  was  the  only  plant  in  which  the  foliage  appeared  Dormal  up 
to  July  26.  All  others  were  affected  with  mosaic,  curly-dwarf  or 
leaf-rcdL  However,  the  yield  of  A^a  was  smaller  than  that  of  throe 
other  plants.  Although  the  foliage  was  entirely  nonnal  the  plant 
was  soaall,  owing,  probably,  to  the  very  small  ago  (.32  as.)  c^  tbe 
parent  tuber. 

Plants  A|bi  to  Aidi  were  all  clearly  and  asvwely  afiMted  with 
mosaic    Tbe  leaves  \^re  much  wiinUed,  aOtaefrhMi,  ouried  Aiul 
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yeUowisb  green.  The  lower  leaves  dropped  early.  The  plants  vere 
not  fouahy-headed. 

Plants  Aid  to  Ajea  differed  from  those  last  mentioned  in  having 
dense,  bushy  heads  of  curled  leaves.  In  Table  III  the  disease 
affecting  these  plants  has  been  given  as  curly-dwarf,  but  it  may 
have  been  mosaic.  According  to  Orton,  plants  affected  with  curly- 
dwaif  are  ot  normal  color  whereas  these  were  yellowish  green. 

Up  to  June  21  plants  Aifi  to  Aif4  appeared  normal.  The  leaves 
were  lai^,  flat  and  dark  green.  But  by  June  28  the  young  upper 
leaves  were  folded  and  as  they  grew  in  size  they  rolled  from  the 
margin  inward  and  upward.  It  is  believed  that  they  had  a  mild 
attack  of  leaf-roll.  Certainly,  they  were  not  affected  with  mosaic. 
In  three  of  the  four  hills  of  this  tuber-unit  the  larger  tubers  were 
somewhat  narrowed  at  the  stem  end,  though  the  parent  tuber  had 
shown  no  such  tendency. 

Plants  Aigi  to  A|hi  were  all  undoubtedly  affected  with  mosaic. 

Progeny  of  Ai. — Plant  Ai  appeared  nearly  or  quite  normal  in 
1914.  It  yielded  ten  tubers  having  a  total  weight  of  39.5  ounces. 
All  were  of  normal  shape — flat-oblong.  When  planted  in  1915  they 
made  31  plants — A»a  to  Ajj^  in  Table  III. 

Tubers  a  and  b  were  very  small,  weighing  only  .28  of  an  ounce 
each.  As  was  to  be  expected,  both  made  small  plants.  Aib,  which 
did  not  appear  above  ground  until  June  28,  ultimately  showed 
symptoms  of  leaf-roll  and  amounted  to  nothing.  Ata,  though  quite 
email,  appeared  normal  until  about  July  26  when  it  showed  wrinkled 
leaves  on  one  shoot. 

Atc  to  Atft  were  quite  similar  and  all  severely  affected  with  mosaic. 
They  were  yellowish  green  and  dropped  their  lower  leaves  early. 
The  average  yield  of  this  group  was  four  ounces  per  plant. 

Aigi  to  Aji(  constitute  another  group  of  similar  plants  quite 
different  from  the  last-mentioned  group.  The  casual  observer, 
without  DOrmal  plants  for  comparison,  might  have  pronounced  them 
normal  except  in  ^ze.  They  were  distinctly  undersized.  However, 
they  showed  symptoms  of  leaf-roll  and  were  undoubtedly  affected 
with  that  disease.  It  is  equally  certain  that  they  were  not  affected 
with  moeaic.  They  were  '>f  dark  green  color  and  held  th^  lower 
leaves.  The  average  yield  of  this  group  was  11.25  ounces  per  plant. 
An  outstanding  feature  of  the  group  was  the  shape  of  the  tubers. 
On  deven  of  the  tlurteen  plants  some  of  the  tubers  were  much 
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lUuTOwed  at  tbe  bud  end,  and  it  was  invariably  the  lai^r  tubers 
which  were  so  affected.  (Plate  X,  fig.  2.)  In  each  case  the  shape 
d  the  parent  tuber  had  be«i  flat-oblong. 

Aiji  to  AtJB,  althou(^  from  a  tuoer  we^hii^  ax  ounces,  the  largest 
in  the  hill,  were  so  small  as  to  be  -  absolutely  worthless.  Their 
average  yield  was  only  1.85  ounces  per  plant  They  were  severely 
affected  with  mosaic  and  showed  no  tendency  to  form  heads. 

Progeny  of  At. — Plant  Ai  appeared  normal  and  gave  the  large 
yield  of  44.5  oimces.  It  yielded  nine  tubers  which  furnished  32 
aeed-pieces  for  planting  in  1915.  Every  one  of  the  32  plants  pro- 
duced (A«a  to  A|i«}  was  badly  diseased.  Some  were  affected  with 
momic,  some  with  curly-dwarf  and  some  with  leaf-roll.  The  largest 
yield  of  any  plant  was  7.5  ounces  and  the  average  yield  was  only 
2.64  ounces  per  plant. 

The  tuber  unit  d  is  of  especial  interest.  Three  pieces  of  tuber 
d  {Hoduced  plants  (Aadi,  Atdi  and  Aidi)  which  became  affected 
with  leaf-roU  without  showing  any  symptoms  of  mosaic;  while  the 
fourth  piece  (bud-end)  produced  a  plant  (AjdO  affected  with  mosaic 
without  any  symptoms  of  leaf-roll.  The  three  plants  affected  with 
kaf-roU  h^d  their  lower  leaves,  but  the  plant  affected  with  mosaic 
dropped  its  lower  leaves  and  presented  the  characteristic  trimmed-up 
appeanwce. 

Progeny  of  Bi, — In  1014  Bi  produced  six  tubers  having  a  total 
wo^t  of  33  ounces.  The  plant  was  large  and  supposed  to  be 
ncnnaL  It  provided  seed  for  21  plants  in  1915.  Bia,  though  a 
ray  small  plant,  had  foliage  which  was  nearty  or  quite  norm^. 
All  others  were  plainly  diseased.  The  plants  from  tubers  b,  c,  and 
d  were  bushy-headed  curly-dwaifs.  Four  plants  from  tuber  e  were 
macfa  affected  with  leaf-roll  and  showed,  also,  traces  of  mosaic; 
wb3a  the  fifth  (from  the  bud-end  piece)  was  affected  with  curly- 
dwuf.  A  piece  from  near  the  middle  of  tuber  f  produced  a  plant 
(Bifi)  affected  with  curly-dwarf;  while  pieces  from  both  ends  of  the 
toba-  induced  plants  affected  with  leaf-roll. 

Progeny  cf  B,. — In  1914  Bi,  apparently  normal,  produced  ax 
tubas  having  a  total  weight  of  38.5  ounces.  It  provided  seed 
for  24  pisntB  in  1915.  All  were  affected  with  mosaic.  Btdi  had 
four  stalks  two  of  which  were  normal  and  the  other  two  severely 
■ffeeted  with  mosaic,  llie  normal  stalks  held  their  leaves  clear 
to  the  ground,  but  the  stalks  affected  with  mosaic  were  trimmed 
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up  in  the  lurtnl  maitiKr.  Btdi  bad  three  ttalks-^m*  ehowiug 
mosaic,  one  having  pronounced  leaf-roll  and  one  which  waa  normal. 

Progeny  of  Bf — Plant  Bj  yielded  six  tubera  weighing  48  ounces 
which  is  at  the  rate  of  435  bushels  per  acre.  It  seems  as  if  this 
plant  must  have  been  normal  and,  as  a  matter  of  fact,  the  foliage 
appeared  normal.  Neverthdess,  every  one  of  the  25  plants  grown 
from  tubers  of  this  pkat  in  1915  was  diseased.  Some  wae  affected 
with  mosaic,  others  with  curlsr-'dwarf.  The  average  yidd  was  5.7 
ounces  pur  plant. 

Progeny  of  C\. — In  1914  Ci  was  badly  dwarfed  and  diseaaed. 
It  was  thought  to  be  affected  wil^  curiy-dwarf,  but  may  have  had 
mosuc  instead.  It  yielded  five  tubers  tbc  combined  weight  of 
winch  was  imly  six  onnees.  Being  so  small,  the  tubers  were  planted 
whole  in  1915,  The  five  plants  which  they  produced  {Cia  to  Cie) 
were  (dearly  and  severdy  affected  with  mosaic.  They  were  very 
small  and  cast  their  lower  leaves  in  the  tatter  part  of  June.  The 
TwnainJTig  leaves  were  smtd),  wrinkled  and  ydlowish  green,  but 
did  not  fcttm  bushy  heads.  The  average  yield  was  5.1  ounces  per 
plant.     The  tubers  were  of  normal  shape. 

Progeny  q^  C*. — Plant  Cj  was  similar  to  Ci  90  fftr  as  the  parts 
above  ground  were  concerned,  but  the  crop  consisted  of  a  single 
tuber  weighing  5.5  ounces.  At  planting  time  in  1915  this  was  cut 
into  foiff  pieces  from  which  came  plants  Cjai  to  Ctai-  These  four 
{dants  were  all  exactly  ahke.  They  were  pronounced  curiy-dwarfs 
of  very  snuJl  statiire.  The  lower  leaves  dropped  in  June.  Those 
remaimng  were  small,  wrinkled  and  curled  and  formed  dense,  bushy 
heads  at  the  summit  of  the  stalks.  The  color  of  the  leaves  was 
nearly  or  quite  normal.    I^e  average  yield  was  1.7  ounces  per  plant. 

Progeny  t^  C». — ^This  plant  closely  resembled  Ci  in  all  respects. 
In  1916  its  five  tubers  were  planted  wbc^  They  became  affected 
with  mosaic  exacUy  like  the  progeny  of  Ci.  The  average  yield  per 
plant  was  four  ounces. 

Progeny  of  Di,  Dt,  and  Df  These  three  plants  were  quite  sunilar 
in  all  respects  to  Ci  and  d.  They  were  very  badly  diseased — 
whether  with  mosaic  or  curly-dwarf  is  not  known  with  certainty. 
In  Table  I  they  are  credited  with  a  total  of  19  tubers,  but  three 
were  too  small  to  plant.  From  the  remaining  16  tubers  IS  plants 
were  obtained  in  1916.  All  became  so  severely  affected  with  moeuc 
as  to  bfe  pnetmiUy  wwtblaas.    The  18  plants  produced  Only  tftfo 
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tbfcets  6(  toarkfttaUe  sse.    Th6  average  yl^  was  2.6  oofioea  per 

Progeny  of  Ei,  Bt  and  J^.— These,  also,  were  worthless  dwarfs 
in  1{^14.  They  attained  a  height  of  only  six  iachea.  The  lower 
leaves  dropped  very  early  leaving  only  a  tuft  oi  downward-curled, 
lirows-inar^ited  leaves  at  the  summit  of  each  of  the  stalks.  The  total 
jrMd  of  the  three  i^ants  was  nine  very  sme^l  tubers  having  a  com- 
bined wei^t  of  three  ounces.  Only  eight  of  the  tubers  were  planted 
in  1915.  The  plants  which  they  produced  (Eja  to  Ejb)  were  all 
affected  with  mosaic  and  smaller  and  more  worthless  even  than 
their  parents.  The  most  productive  of  the  eight  gave  a  yield  of  less 
titan  one-bidf  ounce. 

Progeny  t^  Fi. — Coming  to  the  F  unit  of  1914  we  have  plants 
nmilar  to  those  of  the  A  and  B  units  except  that  they  were  some- 
what smaller  and  gave  a  smaller  yield.  Their  foliage  was  consid- 
ered to  be  nearly  or  quite  normal.  Fi  was  the  largest  and  gave  the 
l&rgest  yield  —  38.5  ounces.  In  1915  this  plant  fumi^ed  seed  for 
26  plants;  namely  Fia  to  Fihs.  Owing  to  the  very  small  weight 
(.18  oz.)  of  seed-tuber  httle  was  to  be  expected  of  F|a.  It  was 
extremely  small  and  died  early  without  producii^  tubers.  Fib 
(from  the  next  largest  tuber,  weighing  .75  oz.)  appeared  entirely 
normal  until  after  July  12.  The  leaves  were  lat^,  flat,  S[H«ading 
and  dark  green.  However,  by  July  26  plain  8ympt<»n8  of  leaf-roll 
were  showing.  The  upper  leaves  were  rolling  from  the  margins 
inward  and  upward.   This  plant  yielded  15  ounces  of  tubers. 

The  three  plants  fnnn  tuber  c  (FiCi,  FiCi  and  FiCj)  appeared 
normal  up  to  June  28.  On  July  5  FiCi  waa  sMU  normal  with  broad, 
flat,  spreading  leaves  showing  no  indination  to  drop.  But  FjOi  and 
FiC»  were  considerably  smaller,  the  lower  leaves  had  fallen  and 
those  remainiag  were  small  and  wrinkled.  Both  were  bad  cases  of 
mosuc.  By  July  12  FiCi  began  to  show  tj-aces  of  some  tmrecognized 
tnmUe^  liie  leaves  on  one  side  of  one  trtalk  were  dead.  However, 
theft  were  no  aymptoniH  of  mosaic,  curly-dwarf  or  leaf-roll.  The 
diff<er«ice  in  the  yield  of  these  three  plants  corresponded  with  the 
diff««n«e  in  their  appearance.  The  yield  of  FiCi  was  2  ounces; 
of  FiCt  12  ounces;  and  of  FiCj  3^  ounces. 

The  four  planta  frtm  tuber  d  (Fidi  to  Fidi)  ware  all  severely 
affected  Mtitb  mosaic.    Theiy  w«re  all  alike  and  yielded  about  six 
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Tuber  e  gave  one  plant  Bhowing  plain  aymptoms  of  leaf-roU  in  one 
stalk,  two  planta  severely  affected  with  mosaic  and  one  plant  irtiich 
appeared  normal  throughout  the  season.  The  leaf-roll  plant  (FiCi) 
yielded  21  ounces;  one  mosaic  six  ounces  and  the  other  6.75  ounces; 
while  the  normal  plant  (FtCi)  yidded  26  ounces. 

Tuber  f  produced  four  plants  which  appeared  normal  up  to  July 
12,  but  by  July  26  some  leaves  oo  two  Btalks  of  Fifi  were  showing 
leaf-roll  and  the  foliage  of  Fifj  waa  turning  yellow  and  brown  from 
some  unknown  cause.  The  other  two  plants  continued  normaL 
The  yield  of  all  four  was  fairly  good. 

The  tuber-unit  consisting  of  the  four  plants  from  tuber  g  (Figi  to 
Figt)  enjoys  the  distinction  of  being  tjie  only  unit  in  the  entire 
experiment  in  which  all  of  the  plants  continued  normal  to  the  end 
of  the  season.  However,  the  average  yield  of  the  plants  in  this  unit 
was  somewhat  less  than  in  the  preceding  unit. 

Tuber  h,  weighing  8.5  ounces  and  the  largest  in  the  hill,  produced 
6ve  badly  diseased  (mosaic)  plants  which  gave  an  average  yield 
of  only  3.45  ounces. 

Progeny  of  Ft- — The  seven  tubers  of  this  plant  made  22  planta 
in  1915;  namely,  Fja  to  Fjgi.  With  the  exception  of  the  four  plants 
from  tuber  f  all  were  severely  affected  with  mosaic.  The  leaves 
were  small,  wrinkled  and  curled  downward.  The  lower  leaves  fell 
prematurely  and  those  remaning  formed  bushy  heads.  The  h^est 
yield  was  7.5  ounces. 

The  plants  of  the  f  unit  differed  from  tiie  others  by  holding  all 
of  their  leaves  and  by  having  some  leaves  rolled  upward  on  the 
margins.  They  were  very  abnormal,  but  it  was  not  clear  what  ailed 
them.  They  presented  erymptoms  of  three  diseases  —  mosaic, 
curly-dwarf  and  leaf-roll. 

Progeny  of  Ft. — Fi  made  12  plants  —  F^a  to  Ffd^.  All  became 
severely  affected  witii  mosaic  and  were  strikii^^  similar.  The 
leaves  were  snudl,  wrinkled,  curled,  yellowish  green  and  formed 
bushy  heads.  The  lower  leaves  dropped  in  June.  The  plants  were 
dwarfs.    The  highest  yield  of  any  hill  was  4.25  ounces. 

Progeny  ofQu — In  Table  I,  Gi  is  credited  with  nine  tubers  having 
a  total  weight  of  28  ounces.  At  planting  time  in  1915  six  of  the 
tubers  were  rejected  on  account  of  being  affected  with  an  eye-rot 
of  some  kind,  flight  plants  (Gia  to  GtCt)  were  obtained  from  the 
remaining  three  tubers.    Of  these,  Gia,  from  a  tuber  weighing  only 
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three-fourths  of  &d  ounce,  was  the  neafest  noriual  and  gave  the  largest 
yield,  viz.,  12.5  ounceB.  Up  to  July  12  this  plant  appeared  entirely 
normal  except  in  size.  It  was  not  as  large  as  otiier  normal  plants. 
It  never  showed  any  symptoms  of  mosaic,  but  by  July  26  the  upper 
leaves  on  one  stalk  were  showing  pronounced  symptoms  (rf  leaf-roll, 
and  one  stalk  was  nearly  dead  from  an  unknown  cause.  A  third 
etalk  was  normaL  The  remaining  seven  plants  were  dwarfs  severely 
afFected  with  mosaic.    Their  average  yield  was  6.45  ounces. 

Progeny  c^  G^ — ^The  28  plants  constituting  the  progeny  of  Gi 
were  a  motl^  lot  Some  were  clearly  affected  with  mosaic;  others 
were  clearly  affected  with  leaf-roll;  while  the  condition  of  a  tew, 
Plough  plaLily  abnormal,  was  difficult  of  diagnosis.  (See  da  to 
Giuu  in  Table  III.)  Although  none  of  the  plants  were  entirely 
normal  several  gave  a  fair  yield. 

Owing  to  the  small  size  of  tubers  a,  b  and  c  little  could  be  expected 
(rf  the  plants  from  them.  As  a  matter  of  fact,  they  were  worthless. 
Gtd  was  affected  with  leaf-roll,  but  showed,  also,  some  symptoms 
of  mosaic,  de  had  a  pronounced  case  of  leaf-roll  without  any 
symptoms  of  mosuc.  df  and  G«,  on  the  other  hand,  were  severely 
affected  with  mosuc  without  any  suggestion  of  leaf-roll.  Gihi  was 
affected,  probably,  with  leaf-roll;  while  Giht  certainly  had  mosaic. 

Giii,  Ga  and  Gti«  showed  symptoms  both  of  mosaic  and  <A 
leaf-roU. 

The  three  plants  from  tuber  j  (Gtji,  Gjji  and  Gtjj)  were  of  special 
interest  because  of  the  wide  difference  in  the  shape  of  the  tubers. 
Ttte  tubers  of  Gtjt  (seed-piece  from  middle  of  the  tuber)  were  of 
oormal  shape,  namely,  fiat-oblong;  white  those  of  Giji  (seed-piece 
frcxn  stem-end)  and  Gijj  (seed-piece  from  bud-end)  were  so  much 
dongated  that  they  appeared  to  be  of  an  entirely  different  variety. 
(See  Plate  X.)  All  three  plants  showed  definite  symptoms  of 
leaf-roll  without  any  indication  of  mos^c. 

The  oQxar  plants  of  this  group,  Giki  to  Giou,  were  all  clearly 
affected  with  leaf-roll,  but  the  tubers  were  of  normal  shape. 

Progeny  of  Hi  and  St. — By  reference  to  Table  I  it  will  be  seen 
that  Hi  and  Hi  were  dwarfs  iriiich  yielded  ax.  and  one-haff  and 
seven  ounces  respectively.  One  tuber  of  Hi  was  rejected  on  account 
of  its  very  small  size.  The  other  deven  tubers  were  planted  whole. 
Hie  resulting  plants  (Hia  to  Hie)  were  all  dwarfs  severely  affected 
with  nMMaic.    The  leaves  were  small,  wrinkled  and  yellowish  green; 
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EXPLANATION  OF  PLATES. 

Pun  n. —  TtTBiBB  or  Obhn  Mohitaim  Jk.  Ji.    (1914). 

EVom  tba  Bvao  Bsed-tuber  aa  the  plant  produdiv  tho  tufaen  ehowB  in  PUte  III. 
Tubrav  BbDorm&ll;  elongated. 
Total  Wright,  23.6  oi.     Id  1916  thtae  slz  toben  finvnhed  aeed  for  plute  Jia  to 
IJt,  Table  IV. 
(Ooe-tuUf  natural  aue.} 
PuTB  III.—  TnBKHB  or  Gbxhii  Moitntain  Jr.  J,.    (1914). 

Fma  the  same  aeed-tuber  aa  the  plant  [HMiuiiing  the  tuben  ibown  in  Bate  II. 
Tubeta  ol  nonnal  ihape. 
Total  weight,  41.6  o*.     Id  1916  these  ten  tuben  fumiohed  seed  for  [danta  J.a  tii 
t^.  Table  IV. 
(One-half  oatonl  aUe J 
PuTE  IV.—  Potato  Pi-uns  Amcnea  wrra  CiiHt.T^>wABr. 
Green  Mountain  Jr.  Aih,  to  Aih.,  Table  UI,  on  July  IG,  1916. 
All  five  from  the  same  Bsed-tubor. 
{OD»«isbUi  itttaral  riw.) 
Plats  V. —  Tubers  or  Cqblx-Dwabf  PiAinv. 
Total  yield  of  the  five  plants  ahown  in  Plate  IV. 

Wei^t,  7.7  OI.;  l-3-8a,  b,  e,  d,  e  oorreepond  to  AAi  to  A>hi  in  (h« telt 
(Nitunliia.) 
PiAiv  VI. —  Potato  Pumt  ArrmarKO  with  CublT'Dwabf. 
A  Btalk  of  Greeo  Mountain  Jr.  B>di  on  June  25,  1916. 
LesTea  aniall,  wrinkled  and  curled.     Lower  Isaves  dropping. 
(Tbna-fiRlu  aatml  du.) 
PiATK  Vn. —  Nobmal  and  Mobaio  pLAim. 

Qraen  Mountain  Jr.  Jta,  Jib  and  Jtc.     From  three  small  tuben  at  the  aime  plant. 
July  16,  1916. 
PuT>  Vin.—  LsAvaa  or  Nobhal  and  MoaAio  Pluttb. 
From  plants  ahown  in  Plate  VII. 
(Three-fouithB  iwtunl  oh.) 

PuTB  IX.— YiiLD  or  NoBjuL  PuKT  J«,  Sbowk  IK  Platb  Vn. 
Total  weight,  30.5  oi. 
(About  one-half  oatuial  bh.) 

Platb  X,  Fio.  1. —  Yield  op  thi  Two  Mouio  Punn  Sbowm  m  Puira  Vn. 
Total  weight,  6  oi. 

(Ahoot  <iii»4ialf  natunl  dia.) 

Fia.  2. —  TuBBB  Nabbowzd  at  Bud-Ehd. 
EVom  Green  Mountain  Jr  Aihi;  l'2-7a  coneqionda  to  A^  in  the  text. 
(Natunl  UK.) 
Platb  XI. —  NoBitAi.  AND  Elonoatzd  Tubbbb  raoM  THE  Samb  Sbed-Tttbbb. 
Green  Mountain  Jr  Oiji  (elongated)  at  bottom;  (>tii  (normal)  in  middle;  and  Giji 
(elongated)  at  top;  7-2-lOa,  7-2-lOb  and  7-2-lOc  oorreepond  to  Gij,,  Gij,  and 
Giji,  reapectively,  in  the  text. 
(Four-Kvsntlu  natural  liie.) 

Plate  XII.^ — Tubers  op  Normal  add  Mosaic  Plamts  prom  Sahb  Sbbd^tcber. 

Green  Mountain  Jr.  Fiei  (nonual),  7  tuben  at  bottom;  Fiei  (raoHJo),  10  tidierH 

at  top;  &-l-5b  and  &-l-5d  correqjond  to  FiBi  and  Fie<,  reqMctively,  in  the  texi. 

(Four-Beventha  natutij  aze.) 

Plate  XIII. —  Potato  Pi.aht  Atpectbd  with  Iaavboll. 
Unknown  vahety  from  Ehngrove.    July  16, 1916. 
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-TuBERB  or  Gbxen  Mountain  Jr.  Ji. 
(See  p.  lis  for  expUnation) 
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Plate  III. —  Tubehs  op  Green  Mountain  Jr.  Ji.    (1914.) 
(See  p.  118  for  oxplanation.) 
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PUTZ   v.—  TUBBBS  OF   ClIHLBT-KWAKF   PliINTB. 

(See  p.  118  for  expl&nation.) 
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Plate  VI. —  Potato  Pi.ant  Affected  wrra  Cvrlt-dw, 

(See  p.  118  for  explanation.) 
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PLAns  VIII.—  Leaves  or  N'obmai.  and  Mosaic  Plants 
'tW  p.  118  for  explsnation  ) 
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Plate  IX.— Yield  of  Norual  Piant  J,*,  Shown  in  Plate  VII. 
(See  p.  1 18  for  explanation.) 
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F  Two  Mosaic  Plamis  Shown  in  PluItb  VI. 


FiQ.  2.— Thbbb  Narbowed  at  Bci>-ehii. 

Plate  X. 

(See  p.  118  for  expUiiatiaii.) 
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Plate  XI. —  Nohhai.  and  Elohoated  Tubebs  fbou  the  Same  SBEinniBaB. 
(Pee  p.  118  for  explanalion.) 
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Pun  XII.—  Tubers  or  Xorual  amd  Mosaic  PuHts  moii  Same  Seed^tubeo. 
(See  p.  lis  for  explanation.) 


-  Potato  Plant  Aptbctbd  v 
(See  p,  118  for  explanation.) 
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bvk  Ihej  VBB  not  mudi  curled  and  did  not  fonn  bu^y  heads. 
The  lower  kaTw  dropped  before  July  1  ^viog  the  plants  a  triiumed> 
up  appearance.  It  ie  interestmg  to  note  that  the  average  yield, 
6^7  ounces,  was  nearly  as  great  as  that  of  the  parents.  If  we  omit 
Hia  and  Hta,  which  were  from  extmnely  email  tubers,  the  average 
yield  of  ttie  remaining  nine  plants  was  sli^tly  greater  than  that 
of  the  parents,  namely,  7.47  ounces. 

Progeny  Cff  1%  and  It. — It  haa  already  heea  related  (page  09)  how, 
in  1914,  Ij  and  Is  seemed  to  represent  a  condition  intermediate 
between  that  of  the  dwarfs  and  the  normal  plants;  also,  the  remark- 
^le  elongation  c^  the  tubers  has  been  mentioned.  Their  progeny 
proved  to  be  aa  interflsting  and  as  puezling  as  the  parents.  The 
twenty  plants  presented  many  vaiiatioi^  in  size,  appearance  and 
yidd.  (See  Iia  to  I»e»,  TaWe  III.)  Some  were  undoubtedly  aSected 
with  leaf -roll;  others  probably  had  it;  and  some  others  were  certainly 
!^ected  with  mosaic.  Some  appeared  normal  until  well  into  July 
and  then  develt^ied  leaf-roll.  In  most  cases  the  tubers  were  elongated 
like  those  of  the  parent  plants.  Two  plants,  IeCj  and  Itei,  outyielded 
the  parents. 

Progeny  of  Ji. — Ji  had  puzzling  foliage  symptoms  and  elongated 
tubers  like  Ii  and  la.  (See  page  99.)  With  one  exception,  its 
prc^ny  of  eleven  plants  were  worthless  dwarfs  affected  with  mosuo. 
The  exception,  Jifi,  though  having  no  symptoms  of  mosaic,  curly- 
dwarf  or  leaf-roll,  was  not  quite  normal.  Late  in  July  the  leaves 
on  the  upper  part  of  one  stalk  became  thickly  covered  with  small 
orown  spots  and  died.  The  cause  was  not  determined.  The  tubers 
of  this  plant  were  much  elongated  like  its  parent.  The  tubers  (^ 
the  other  ten  plants  (the  mosaic  dwarfs)  were  not  elongated,  but 
it  may  be  tliat  th^  were  too  small  to  show  their  shape  character.  * 

Progeny  ofJi. — ^In  some  respects  this  group  was  the  moat  interestii^ 
of  the  entire  series.  The  parent  plant,  Jj,  yielded  ten  tubers  of 
normal  shape  and  having  a  total  wei^t  of  41.5  ounces.  These 
provided  21  seed-pieces  for  planting  in  1915.  Several  more  seed- 
pieces  might  have  been  made  by  cutting  the  larger  tubers  into 
pieces  of  the  usual  size,  but  on  account  of  lack  of  space  the  number 
of  plants  was  limits  to  21  and  large  pieces  used.     Jga,  from  the 

*  Even  in  noimal  hiUa  in  which  the  larger  tubers  have  the  type  form,  Sat-obloog, 
the  Jiirtll  tubers  are,  ueually,  uesrly  round.  The  flatobloog  BhBpe  does  not  appear 
mtil  aftor  tlie  tubov  hAve  attained  the  weight  of  an  ounce  or  mon.  Hanoe,  the 
i^e  of  small  tubers  has  tittle  dgnificance. 
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emallest  tuber  of  Ji,  was  ihe  only  one  of  the  21  plants  whidi  was 
normal.  The  other  20  were  worthless  dwarfs.  The  leaves  of  J^a 
were  large,  flat  and  dark  green;  those  of  the  dwarfs  were  small, 
wrinkled,  curled  and  yellowiah  green.  (Plate  VIII.)  On  July  16 
Jia  was  a  large,  thrifty,  spreadii^  plant  twenty  inches  hi^  and 
holding  all  of  its  leaves.  Its  relatives  were  all  trimmed-up,  bushy- 
headed  dwarfs  ten  inches  high.    (Plate  VII.) 

In  Table  III  the  twenty  dwarfs  are  given  as  affected  witli  mosaic. 
They  certainly  were  affected  with  mosaic,  but  their  curled  leaves 
and  bushy-headed  condition  led  to  the  susfncion  that  Uiey  vr&e 
affected  also  with  curly-dwarf.  Also,  between  July  5  and  12  several 
of  the  plants  developed  symptoms  of  leaf-roll. 

Jia  yielded  fourteen  tubers  (A  normal  shape  and  wein^iing  30.5 
ounces.  The  average  yield  of  ihe  20  dwarfs  was  3.47  ounces. 
(Compare  Plates  IX  and  X,  fig.  1.) 

BEHAVIOR  OF  OTHER  VARIETIEa  FROM 
HONEOYE  FALLS. 

Besides  the  Green  Mountain  Jr.,  which  was  given  special  attention 
as  described  above,  the  progeny  of  a  few  plante  of  each  of  six  other 
varieties  from  Honeoye  Falls  were  kept  under  observation  during 
1915.  "  Normal "  and  abnormal  hills  of  the  1914  crop  of  each 
variety  were  stored  during  the  winter  in  paper  bags  in  a  cool  cellar. 
In  1915  the  pieces  of  each  tuber  and  the  tubers  of  each  hill  were 
planted  together  in  the  same  manner  as  the  Green  Mountain  Jr., 
but  in  another  part  of  the  Station  farm.  Brief  mention  will  be 
made  of  the  behavior  of  each  variety. 

State  ot  Maine. — Of  the  variety  State  of  Maine  four  "  ntmnal  " 
and  six  abnormal  hills  were  preserved  for  planting  in  1915.  The 
"  normal  "  hills  provided  seed  for  21  plants.  Out  of  the  total  nmnber 
of  77  plants  only  nine  were  normal.  The  other  68  were  affected 
with  mosaic.  Most  of  the  mosaic  plants  were  dwarfs,  but  a  few 
attained  medium  size  and  gave  a  fair  yield.  All  of  the  normal 
and  mildly-affected  plants  were  from  the  "  normal "  hills  of  1914. 
Every  one  of  the  21  plants  from  abnormal  hills  was  a  tiny,  worthless 
dwarf. 

The  progeny  of  "  normal  "  hill  Ei  are  worthy  of  mention.  Ei 
contained  ax  tubers  having  a  total  w^ght  of  24  ounces.    The 
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b  two  tubers  were  planted  whole;  the  next  largest  two  were 
cut  into  two  seed-|Hece8  each;  and  the  lai^est  two  into  five  eeed- 
{Hecea  each,  makiDg  a  total  of  sixteen  seed-pieces.  The  five  plants 
from  Uie  largest  tuber  (which  weired  eight  ounces)  were  all  large, 
normal  plants.  The  other  eleven  plaits  of  the  group  were  all 
worthless  dwarfs  affected  with  moeaic  So,  here  we  have  an  instance 
in  which  the  largest  tuber  of  the  hiU  was  the  only  one  to  produce 
normal  i^ants. 

Among  the  progeny  of  Bi  there  was  a  striking  example  of  normal 
and  mosaic  plants  coming  from  the  same  tuber.  Tuber  k  of  Bi, 
wei^iing  seven  ounces,  was  cut  into  four  seed-piecee  which  produced 
plants  Btki,  Btkj,  B^ki  and  Btki-  Btk^  (from  the  bud-end  piece) 
was  a  large  plant  which  appeared  entirely  norma]  throughout  the 
season  and  yielded  eleven  tubers  weighii^  52  ounces.  Biki  was  a 
mosaic  dwarf  which  yielded  twelve  small  tubers  weighing  5.5  ounces. 
Biki  and  Biki  were  plants  of  medium  size,  but  distinctly  affected 
with  mosaic.  Their  yield  was  32.5  and  24  ounces  respectively. 
Bjki  had  three  normal  stalks  and  two  affected  with  mosaic. 

Cannan  Ho.  2. — Four  hills,  two  "  normal "  and  two  abnormal, 
erf  this  variety  were  preserved  for  planting  in  1915.  The  pr<^eny 
of  one  of  the  "  normal "  hills  (Bi),  consisting  of  21  plants,  were 
^t  large  and  normal.  Of  the  21  plants  from  the  other  "  normal " 
hill  (Bi),  19  were  of  good  eize  and  showed  only  traces  of  mosuc; 
but  one  of  the  remaning  two  was  a  mosuc  dwarf  and  the  other, 
thou^  of  fair  siee,  was  clearly  affected  with  the  same  disease. 

The  progeny  of  tiie  two  abnormal  hills  conusted  of  twelve  plants 
eleven  of  which  were  severely  affected  with  moauc  while  the  other 
had  a  bad  case  of  leaf-roll. 

Long  Island  Wonder, — The  product  of  three  "  normal  "  and 
thre^  abnormal  hills  of  this  variety  were  planted.  The  result  was 
72  plants  of  which  all  but  one  were  small  and  abnormal — probably 
affected  with  mosaic.  The  repiaining  plant,  Difi,  from  a  bud-«ad 
seed-piece  of  a  tuber  from  a  "  normal "  hill,  was  of  large  size  and 
quite  normaL  It  held  all  of  its  leaves  which  were  large  and  flat 
and  of  dark  green  color.  D|ft,  from  the  stem-end  piece  of  the  same 
tuber,  was  plainly  and  severely  affected  with  mosaic  Although 
the  stalks  were  of  medium  height  they  bore  only  tufts  of  small, 
wrinkled,  yellowish  green  leaves.  The  lower  leaves  had  dropped 
eariy. 


ilized  by  Google 


122         Report  of  the  Depabtmbnt  of  Botany  op  the 

KDonL — Of  this  variety  there  was  planted  in  1915  the  product 
of  two  "  Dormal  "  and  two  abnormal  hills  from  which  29  plants 
were  obtained.  The  21  plants  from  the  two  "normal"  hills  were 
all  large  and  normal.  The  eight  plants  from  the  two  abnormal 
hills  were  very  small  and-  plainly  ^ected  with  mosaic. 

Rtiral  Kew  Yorker  No.  3. — ^Three  "  normal "  hills  (Ai,  At  and 
Aa)  and  two  abnormal  hills  (Bi  and  Bt)  were  planted.  The  "  normal  " 
hills  made  63  plants;  the  abnormal  hills,  six  plants. 

The  progeny  of  Ai  were  all  normal  plants. 

The  progeny  of  At  (23  plants)  were  partly  normal  imd  partly 
affected  with  mosaic;  i.  e.,  the  six  plants  from  the  smaller  tubers 
a  and  b  (weighing  about  four  ounces  each)  were  mosaic  dwarfs 
which  gave  an  average  yield  of  seven  ounces  per  plant;  while  the 
17  plants  from  the  larger  tubers  c,  d,  e  and  f  (total  weight  31  ounces) 
were  nearly  or  quite  normal  and  gave  an  average  yield  of  about 
23  ounces. 

The  progeny  of  A»  (21  plants)  were  all  of  good  size,  but  most 
of  them  were  mildly  affected  with  mosaic.  The  seven  plants  from 
tuber  c  were  of  special  interest.  Six  of  these  were  large  and  normal, 
but  ihe  seventh  (from  the  bud-end  seed-piece),  was  clearly  affected 
with  mosaic. 

The  progeny  of  Bi  and  Bi  were  small  and  all  ^ected  with 
mosaic 

Late  Victor, — This  variety  furni^ed  yet  another  example  of  normal 
plants  and  mosaic  plants  coming  from  different  tubers  of  the  same 
hill.  Three  "  normal  "  hills  (Ei,  Ei  and  Eg)  and  six  abnormal  hills 
were  planted.'  The  normal  hills  made  42  plants;  the  abnormal 
hills,  13  plants. 

The  progeny  of  Ei  consisted  of  15  plants  from  six  tubers.  The 
five  plants  from  tubers  a,  b  and  e  were  very  small  and  severely 
affected  with  mosaic;  while  the  ten  plants  from  tubers  c,  d  and  f 
were  large  and  normal.  The  averse  yield  of  the  mosaic  plants 
was  4.4  ounces;  that  of  the  normal  plants,  25.2  ounces. 

The  progeny  of  Ej  and  Ej  were  all  large,  normal  plants. 

The  progeny  of  the  six  abnormal  hills  were  all  dwarfs  severely 
affected  with  mosaic. 
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DBGBNEBATION  IN  VARIETY  IONIA. 

In  a  previous  publication  the  writer*  has  described  the  behavior 
of  a  lot  of  Ionia  potatoes  some  of  which  were  supposed  to  have  been 
severdy  ^ected  with  curly-dwarf  in  1914.  The  tubers  of  affected 
I^antB  were  abnormally  long  and  some  of  them,  at  least,  produced 
spindling  sprouts.  Hiree  of  the  most  nearly  noimalt  and  fifteen 
cf  the  most  abnormal  hills  were  preserved  for  planting  in  1915, 

From  the  three  "  normal  "  hills  99  plants  were  obtained;  from 
the  15  abnormal  hills,  73  plants.  All  tubers  of  abnormal  hills 
were  planted  wit^ut  cutting. 

The  progeny  of  one  of  the  "  normal  "  hills  were  all  large,  normal 
plants  with  tsrge,  flat,  dark  green  leaves.  Their  averse  yield 
was  35  ouncfs  wtiich  is  at  the  rate  of  419  bushels  per  acre.  The 
tabers  were  quite  variable  in  shape.  Some  were  flat-oval  or  flat- 
oblong;  some  long  and  pointed  at  both  ends;  some  dumb-bell  shaped; 
some  strongly  narrowed  at  the  stem-end  and  some  at  the  bud-end. 

The  progeny  of  another  "  normal  "  hill  were  of  fair  size,  but 
DOt  entirely  nomud.    Several  showed  mild  symptoms  of  leaf-roll. 

Among  the  pn^^y  of  the  third  "  normal "  hill  there  were  6ve 
plftnts  which  appeared  norm^;  but  the  others  were  much  smaller 
than  normal,  of  light  green  color  and  most  of  them  showed  a  strong 
upward  rdMng  of  the  u|^>er  leaves.  There  were  no  B3nnptomB  of 
mosaic  or  ciBiy-dwarf. 

With  one  notable  exception  the  73  plants  from  the  abnormal 
bills  were  very  small  and  abnormal  thoi^  it  was  not  quite  clear 
what  ailed  thenu  None  of  them  dropped  their  lower  leaves.  None 
were  affected  witli  mosaic  and  none  were  typical  curly-dwarfs. 
Most  of  them  showed  more  or  less  upward  rolling  of  the  leaves 
and  all  were  l^hter  green  than  normal.  They  did  not  have  the 
downward  curling  of  the  leaves  and  bushy-headed  habit  of  growth 
which  had  characterized  their  parents.  Their  symptoms  were  those 
of  leaf-Tcdl  rather  than  those  of  curly-dwarf.  Their  yield  was  very 
small.    Most  of  the  tubers  were  abnormally  elongated  as  in  1914. 

*  SUnrart,  F.  C.  and  Sirrine,  F.  A.  The  ■pindling-apniut  diaeue  «t  potatou. 
N.  Y.  (G«a«ar»)8ta.  Bui.  399a«.    1916. 

t  Jadgiiig  from  the  appearance  of  the  foliage  it  might  have  been  doubted  that  tiicse 
^•nta  were  mtiraly  nonnal;  but  tbeir  enonnous  yidd  of  W,  ^.6  and  6S  ounoee  ia 
proof  that  they  had  no  more  than  a  voy  mild  attack  trf  any  disease.  The  average 
yiM  at  the  first  five  abnormal  planto  waa  nine  ounoes.    The  other  ten  w«n  not 
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The  one  exoaptitm  to  the  above  was  in  the  i»ogeny  of  abaormal 
hill  No.  3.  This  hilt  contained  (our  tubers  (total  we^bt  nine 
ounces)  which  were  planted  whole.  The  plants  from  seed'tubers  a, 
b  and  c  were  very  small,  of  light  green  color  and  plainly  affected 
with  leaf-roU.  They  yielded  1.6,  8^5  and  6.75  ounces  respectively. 
The  plant  from  seed-tuber  d  (weighing  3.5  ounces)  was  large  and 
normal  with  large,  flat,  dark  green  leaves.  It  gave  the  extraordinary 
yield  of  71.5  ounces. 

OBSERVATIONS  ON  AN  UNKNOWN  VARIETY  AFFECTED 
WITH  LEAF-ROLL. 

In  September,  1914,  at  Elmgrove,  N.  Y.,  the  writer  had  an 
opportunity  to  study  a  field  of  potatoes  (variety  unknown)  severely 
affected  with  leaf-roll.  About  90  per  ct.  of  the  plants  were  affected. 
Though  of  fair  aze  they  were  distinctly  smaller  than  the  normal 
plants  scattered  here  and  there  through  the  fidd.  On  affected 
plants  all  of  the  leaves  were  conspicuously  rolled  upward  and  many 
had  a  narrow  strip  of  dead,  brown  tissue  around  the  margin;  whereas, 
the  leaves  of  norma]  plants  were  flat  and  free  from  marginal  browning. 
The  contrast  in  appearance  between  normal  and  affected  plants  was 
very  striking.  The  stems  and  tubers  of  affected  plants  were  care- 
fully exBjnined  for  indications  of  parasitic  organisms  which  might 
account  for  the  leaf-roll  symptoms,  but  none  were  found.  There 
were  no  lesions  or  discoloration  of  any  kind.  The  leaves,  also, 
were  nearly  or  quite  normal  in  color  except  for  the  browning  of 
the  leaf-margins.  Neither  were  there  any  soil  conditions  which 
could  be  held  responsible  for  the  trouble.  It  seemed  to  be  a  clear 
case  of  genuine  leaf-roll. 

To  test  the  hereditary  character  of  the  trouble  19  tubers  from 
affected  plants  were  brought  to  Geneva  and  planted  in  good  soil. 
They  were  given  good  cultivation  and  suffered  neither  from  a  lack 
of  water  nor  from  an  excess  of  it.  Every  plant  developed  pro- 
nounced symptoms  of  leaf-roU  without  any  indication  of  mosaic 
or  curly-dwarf.  (See  Plate  XIII.)  The  plants  were  small  and  gave 
a  low  yield. 
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RAPID  DEGENERATION  IN  A  STRAIN  OF  PRIDE 
OF  VERMONT. 

In  the  spring  of  1913  the  writer  planted  in  his  garden  at  Geneva 
a  angle  tuber  of  the  variety  Pride  of  Vermont.  This  tuber  was 
supposed  to  belot^  to  a  prolific  strain.  It  came  from  a  crop  which 
woD  second  prize  for  high  yield  in  a  potato-growing  contest  in 
Connecticut.  The  plants  produced  is  1913  were  of  lai^  size, 
norma)  in  foliage  and  gave  a  good  yield.  The  entire  product  was 
plaoted  in  1914.  Tliis  season,  also,  the  plants  appeared  normal, 
but  thdr  yield  was  only  fair.  The  crop  of  1914  was  stored  in  paper 
bags,  each  hill  in  a  separate  bag.  In  the  spring  of  1915  three  hills 
(the  contents  of  three  bags)  were  planted.  Fourteen  other  hills 
were  left  in  the  b^s  in  the  cellar  to  see  what  kind  of  sprouts  the 
tubers  would  produce  as  it  was  suspected  that  there  was  something 
wrong  with  them. 

The  plants  produced  in  1915  varied  considerably  in  size,  but 
ail  were  decidedly  smaller  than  normal  and  some  were  mere  dwarfs. 
Aside  from  their  small  size  there  was  nothing  abnormal  about  their 
^ipeanuice  except  the  rolling  of  the  lower  leaves  which  was  quite 
conspicuous.  None  of  the  lower  leaves  dropped  and  there  were  no 
Bymptoms  of  mosaic  or  curly-dwarf.  Yet  they  died  prematurely 
and  the  yield  on  a  row  forty  feet  long  was  only  7.75  pounds  of  small 
tubers,  none  of  which  weighed  over  2.5  ounces.  For  all  practical 
purposes  the  strain  was  completely  "  run  out." 

The  tuba«  which  had  been  left  in  the  cellar  nearly  all  produced 
very  slender  sprouts.  In  twelve  of  the  fourteen  bags  no  tubers 
sprouted  normally.  On  the  majority  of  the  tubers  in  these  bags  there 
was  one  fairly  robust  sprout  at  the  bud-end  while  all  of  the  other 
sprouts  were  spindling,  many  of  them  being  exceedingly  slender. 
On  some  tubers  all  of  the  sprouts  were  spindling.  Two  hills  (two 
bags)  were  exceptions  to  the  rule  in  that  they  contained  some 
tub^s  with  spindlii^;  sprouts  and  others  with  robust  sprouts.  One 
at  these  hills  contained  seven  tubers — all  of  marketable  size.  The 
largest  two  tubers  produced  only  spindling  sprouts  of  the  extreme 
type,  while  the  other  five  produced  only  robust  sprouts.  The  other 
exception,  also,  contained  seven  tubers,  four  of  them  of  marketable 
ate  and  three  which  weighed  less  than  two  ounces  each.  In  this 
hill  one  of  the  small  tubers,  weighing  less  than  one  oimce,  sprouted 
DonnaUy.    The  other  six  produced  spindling  sprouts. 
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RAPID  DEGENERATION  IN  A  STRAIN  OF  GREEN 
MOUNTAIN. 

A  tuber  from  the  crop  which  won  first  prise  in  the  contest  men- 
tioned on  page  125  was  planted  in  1913  in  the  writer's  garden  under 
conditions  pari^Iel  with  those  surrounding  the  Pride  of  Veraumt 
just  described.  This  was  a  medium-sized  tuber  of  the  variety  Gre«i 
Mountain.  It  was 'cut  into  two  seed^pieces,  but  the  plant  from 
one  piece  was  accidentally  destroyed.  The  other  plaat  grew  to  large 
size  and  appeared  normal.  No  record  was  made  of  the  weight  of 
the  tubers  produced,  but  the  yield  was  satisfactory.  This  is  shown 
by  the  fact  that  it  furnished  material  for  63  good-sized  seed-pieces 
in  1914.  Thirty-six  of  these  seed-pieces  were  planted  in  one  row  bemde 
the  Pride  of  Vermont  above  mentioned.  Throughout  the  season 
of  1914  the  plants  were  kept  under  close  observatioq.  A  careful 
watch  was  kept  for  the  appearance  of  disease,  because  it  was  planned 
to  use  the  product  for  seed  in  a  cooperative  experiment  which  had 
been  arranged  with  the  Maine  Station  and  it  was  necessary  that 
the  seed  used  should  be  free  from  all  diseases  which  might  be  trans- 
mitted through  the  seed.  Every  one  of  the  plants  was  tho^^t  to 
be  normal.  They  were  of  good  siae,  fairly  uniform  and  free  from 
curling,  rolling  or  wrinkling  of  the  leaves.  The  color  of  the  leaves 
was  normal.  By  September  10  the  leaves  of  all  of  the  plants  were 
much  browned  around  the  margin.  While  this  did  not  seem  to  be 
warranted  by  the  weather  and  soil  conditions  it  was  not  r^arded 
as  an  indication  of  disease.  It  was  thought  to  be  the  commencouent 
of  the  process  of  natural  maturation.  Since  planting  was  done  on 
May  23  the  plants  were  110  days  old  at  this  time. 

The  yield,  though  fair,  was  not  as  large  as  it  should  have  been. 
The  yield  of  individual  plants  varied  from  9.5  ounces  to  33.5  ounces, 
the  average  being  19.9  ounces,  which  is  at  the  rate  of  289  bushels 
per  acre. 

During  the  winter  the  tubers  of  each  of  the  36  plants  were  stored 
in  separate  paper  bags  in  a  moist,  cool  cellar. 

In  the  spring  of  1915  the  36  hills  were  divided  into  three  lots 
of  12  each.  One  lot  was  sent  to  Riverhead,  Long  Island,  to  be  planted 
there;  a  second  lot  to  Cadyville  in  the  northeastern  part  of  New 
York;  and  the  third  lot  to  Presque  Isle,  Maine.    At  Riverhead,  the 
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potato^  were  in  the  care  of  Mr.  F.  A.  Sirrine  and  the  writer;  those 
teat  to  Cadyville,  in  eare  of  Mr.  C.  B.  Titlson,  Farm  Bureau  Agent 
for  Clinton  County;  and  those  sent  to  Maine,  in  care  of  Dr.  W.  J. 
Morse  and  Mr.  M.  Shapovalov  represraiting  the  Maine  Experiment 
Station. 

At  all  three  places  most  of  the  plants  were  decidedly  abnormal. 
At  Kiverhead,  twelve  plants  (in  two  tuber-units)  appeared  normal, 
llie  other  257  were  all  undersized,  some  being  worthless  dwai-fs. 
Though  frequently  much  wrinkled,  the  leaves  were  of  normal  color 
and  showed  no  tendency  to  drop  pr^naturely.  Some  plants  had  a 
compact  habit  of  growth  and  slight  curling  of  the  leaves  suggeetive  of  ' 
curly-dwarf,  but  not  the  bushy-beaded  condition  diuucteristic  of 
typical  curly-dwarf.  While  tlie  plants  were  plainly  abnormal  tiieir 
conditioQ  could  not  be  ascribed  to  any  disease  with  which  the  writer 
is  acquainted. 

The  plants  at  Cadyville  were  in  practically  the  same  condition 
as  those  at  Riverhead.  They  were  very  uneven  in  size  and  all  abnor- 
mal. When  the  writer  saw  them  on  July  20  he  was  unable  to  identify 
the  disease  with  which  they  were  affected. 

The  plants  grown  in  Maine,  also,  were  decidedly  abnormal  but 
[HBsented  somewhat  difTerent  symptoms.  In  notes  made  on  Ai^ust  1 
Dr.  Morse  recorded  many  plants  as  showing  a  tendency  to  curly- 
dwarf  and  several  as  affected  with  spindling-sprout  disease.  He 
observed  that  Uie  petioles  of  the  leaves  on  some  plants  were  abnor- 
mally brittle.    A  few  plants  i^owed  sl^ht  symptinns  of  moeatc. 

SPROUTING  TEST. 

In  order  to  obtun  information  concerning  the  relation  of  spindling- 
sprout  to  the  several  forms  of  degeneration,  the  various  lots  of 
degenerate  potatoes  above  described  were  given  an  opportunity 
to  sprout.  On  April  28,  1916,  tbe^  were  removed  from  the  cool, 
damp  cellar  in  which  they  bad  been  stored  during  the  winter  and 
idaeed  in  a  greenhouse.  The  potatoes  were  in  paper  bags,  each  hill 
in  a  separate  bag.  They  were  well  protected  from  the  light.  A 
month  later  the  character  of  their  sprouting  was  studied. 

Green  Mountain  Jx, — On  all  of  the  progeny  of  tuber  A  the  sprouts 
were  normally  robust  with  the  following  exceptions:  In  Aifi  three 
of  the  larger  tubers  had  some  spindling  grouts.    The  plant  wtuch 
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produced  these  tubers  was  thoi^t  to  be  affected  with  leaf-roll. 
In  Aig4  one  tuber  had  one  fairly  robust  sprout  from  the  bud-«nd, 
but  other  sprouts  from  near  the  middle  of  the  tuber  were  quite 
spindling.  The  plant  producing  this  tuber  also  was  affected  with 
leaf-roll.  All  four  tubers  of  Ajhs  had  abnormally  slender  sprouts. 
The  plant  producing  these  tubers  was  affected  with'  curly-dwarf. 

Amot^  the  progeny  of  tuber  B  spindling  sprouts  were  observed 
in  the  following  cases:  One  tuber  of  BiC|,  a  plant  affected  with 
curly-dwu-f,  had  abnormally  slender  sprouts;  some  tubers  of  Biei 
and  Bie*,  plants  affected  with  leaf-roU,  had  abnormally  dender 
sprouts;  three  tubers  of  Bjei,  a  plant  affected  with  mosaic,  showed 
a  tendency  to  spindling-sprout;  two  tubers  of  Bif«,  a  plant  affected 
with  mosaic,  had  some  sprouts  which  were  fairly  robust  and  others 
which  were  very  slender;  one  tuber  each  of  Btf*  and  Btf*,  plants 
affected  with  mosaic,  had  one  fairly  robust  sprout  from  the  bud-end 
while  the  other  sprouts  were  very  slender. 

Among  the  progeny  of  tuber  C  there  were  only  two  cases  of  spind- 
ling-sprout, viz.:  Cib,  affected  with  mosuc,  one  tuber;  uid  Cie, 
also  affected  with  mosaic,  two  tubers 

None  of  the  progeny  of  tubers  D  and  E  showed  any  tendency  to 
spindlii^-sprout. 

Among  the  pn^ny  of  tuber  F  there  were  a  few  tubers  showing 
slight  symptoms  of  spindUng-sprout,  viz.:  some  tubers  of  Fidt, 
affected  with  mosaic;  of  Fi^,  affected  with  leaf-roll;  of  Fifi,  nature 
of  abnormality  undetermined;  and  of  Figt,  Figi,  Figi,  and  Fig4, 
normal  plants. 

Comii^  to  the  progeny  of  tuber  G  we  are  confronted  with  addi- 
tion^ vagaries  of  Giji,  Gij*  and  G*jt.  As  related  on  page  340  these 
three  plants  came  from  the  same  seed-tuber  and  ail  were  affected 
with  leaf-roll;  but  the  tubers  of  Giji  and  G»ji  were  very  much  elon- 
gated while  those  of  Giji  were  of  the  normal,  flat-oblong  shape. 
(Plate  XI).  The  inference  naturally  drawn  from  this  sudden  change 
in  tuber  form  is  that  the  plants  Gtji,  and  Gijt  were  abnormal.  Accord- 
ingly, we  were  surprised  to  find  the  abnormal  tubers  of  Giji,  and 
Gijt  sproutii^  normally,  while  the  normal  tubers  of  Gijt  had  a  strong 
tendency  toward  spindling-sprout. 

Other  tramples  of  spindling-sprout  in  the  G  progeny  were  seen 
in  two  tubers  each  of  Giki  and  GiU,  both  affected  with  leaf-roU. 

The  progeny  of  tuber  H  all  sprouted  normally. 
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The  pn^eny  of  tuber  I,  also,  seemed  to  be  sprouting  norm^y 
except  that  on  five  tubers  of  one  plant,  IjCi,  the  sprouts  had  barely 
started.  Two  other  tubers  of  the  same  plant  had  short,  robust 
sprouts.  "" 

The  progeny  of  tuber  J  t^l  sprouted  normally. 

State  of  Maine. — The  tubers  of  ten  plants  of  the  Bi  group,  includ- 
ing five  mosaic  dwarfs,  were  sprouted.  AH  sprouted  normally. 
Sprouts  from  the  stem-end  were  nearly  as  robust  as  those  from 
the  bud-end. 

Late  Victor. — Tubers  of  ten  normal  and  five  mosMc  plants  of 
this  variety  were  sprouted.  None  showed  any  indication  of 
spindling-sprout.  i 

Rural  New  Yorker  No.  2. — All  of  the  tubers  from  three  normal 
and  six  mosaic  plants  sprouted  normally. 

looio. — Tubers  of  six  normal  and  thirty-five  abnormal  plants  of 
this  variety  were  sprouted.  In  most  cases  the  larger  tubers  of 
abnormal  plants  had  a  single  slender  sprout  one  to  three  inches 
lot^  at  the  bud-end;  while  on  many  of  the  small  tubers  the  sprouts 
had  barely  started.  The  sprouting  of  all  of  them  was  clearly  abnor- 
mal. On  tubers  of  nonnal  plants  the  bud-end  sprouts  were  robust, 
but  sprouts  from  the  lateral  and  stem-end  eyes  were  often  decidedly 
slender. 

Leal-roll  potatoes  from  Elmgtove. — Every  tuber  of  the  thirty-six 
plants  of  this  variety  (name  unknown)  appeared  to  be  sprouting 
normally. 

Pride  of  Vermont. — ^In  this  variety  each  tuber  had  a  single  fairly 
robust  sprout  three-fourths  of  an  inch  to  two  inches  long  at  the 
bud-end.  The  sprouting  may  have  been  normal,  but  the  writer 
hentates  to  accept  it  as  such  without  having  seen  sprouts  from  the 
lateral  eyes. 

Green  Mountain, — Of  this  variety  there  were  sprouted  only  the 
tubers  of  twenty-three  plants  grown  at  Riverhead.  Eleven  of  these 
plants  were  markedly  abnormal.  Neveri,beles8,  all  of  the  tubers 
sprouted  normally  with  robust  sprouts  four  to  six  inches  long. 

DISCUSSION  OF   THK  RESULTS. 

Although   spindling-sprout   symptoms   appeared   occasionally   in 

the  tubers  of  plants  affected  with  mosaic,  leaf-roll  and  curly-dwarf 

they  were  too  infrequent  to  warrant  the  conclusion  that  spindling- 
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sprout  is  correlated  with  any  one  of  these  three  diseases.  On  the 
other  band,  it  appears  that  spiDdling-sprout  does  have  some  relation 
to  the  abnormality  appearing  in  the  varieties  Ionia  and  Pride  of 
Vermont.  In  the  case  of  the  variety  Green  Mountain  the  data 
are  insufficient  to  form  the  basis  of  an  opinion. 

STEM-END  BROWNING  AND  NET  NECROSIS. 

At  the  conclusion  of  the  sprouting  test  all  tubers  were  examined 
for  stem-end  browning  and  other  forms  of  internal  discoloration. 
If  the  leaf-roll  symptoms  observed  were  due  to  Fusarium  or  Verti- 
cillium  wilt  the  tubers  should  show  stem-end  browning. 

In  the  variety  Green  Mountain  Jr.  there  were  fourteen  tubers 
from  twelve  plants  which  showed  stem-end  browning  more  or  less 
definitely.  In  five  tubers  it  was  quite  definite;  in  the  other  nine, 
slight.  In  no  case  was  there  any  rot.  The  discoloration  took  the 
form  of  brown  streaks  radiating  from  the  stem  and  extending  a 
short  distance  into  the  flesh  of  the  tuber.  The  affected  tubers  came 
from  the  following  plants:  Aigi,  Ajg,,  A^hz,  Cib,  FiCs,  Fiej,  Fig», 
laCj,  Jia,  Jjbi,  Jibs  and  JiCi.  By  referring  to  Table  III  it  will  be  seen 
that  only  two  of  these  plants  showed  leaf -roll  symptoms.  The  tubers 
of  the  great  majority  of  the  plants  with  leaf-roll  symptoms  were 
free  from  stem-end  browning.  Plainly,  stem-end  browning  of  the 
tubers  was  not  associated  with  the  rolling  of  the  leaves. 

Another  kind  of  tuber  discoloration  was  found  in  62  tubers  from 
37  plants  of  the  variety  Green  Mountain  Jr.  This  appeared  in  the 
form  of  brown  spots  in  the  flesh  of  the  tuber.  For  the  most  part, 
the  spots  occurred  outside  the  vascular  ring  just  beneath  the  skin 
and  were  distributed  throughout  the  whole  length  of  the  tuber. 
Generally,  though  not  invariably,  affected  tubers  could  be  detected 
readily  by  the  appearance  of  small,  angular  or  irregular,  slightly- 
depressed,  brown  or  dark-colored  spots  on  the  surface  markii^  the 
location  of  brown  spots  in  the  flesh  beneath. 

It  was  not  noticed  at  digging  time  although  the  tubers  were 
handled  much  during  the  washing,  weighing  and  counting  to  which 
th^  were  subjected  at  that  time.  Neither  was  any  such  trouble 
ol»erved  in  the  crop  of  1914,  It  was  not  correlated  with  any  par- 
ticular form  of  the  degeneration.  Some  of  the  affected  tubers  came 
from  mosuc,  some  from  leaf-roll  and  some  from  curly-dwarf  plants. 
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llua  trouble  appesra  to  be  one  of  the  forms  of  internal  bTowning 
to  which  Orton  '  has  given  the  name  "  net  necrosis." 

No  discoloration  of  any  kind  was  found  in  any  of  the  tubers  of 
any  of  the  other  lots  of  potatoes  used  in  the  sprouting  test. 

SUMMARY  OF  THE  EVIDENCE  ON  THE  INHERITANCE 
OF  THE  SEVERAL  FORMS  OF  DEGENERATION. 

The  pn^ny  of  plants  severely  affected  with  mosaic  or  curly- 
dwarf  were  almost  invariably  very  abnormal,  most  of  them  being 
worthless  dwarfs.  Forty-seven  plants,  representing  eight  varieties 
badly  diseased  in  1914,  produced,  in  1915,  197  plants  all  but  one  of 
which  were  very  badly  diseased.  Some  were  affected  with  mosEUC, 
some  with  curly-dwarf  and  some  with  other  (unidentified)  forms  of 
d^eneration.  The  one  exception  was  a  perfectly  normal  plajit 
which  came  from  one  of  the  four  tubers  of  a  badly  diseased  plant 
of  the  variety  Ionia.   (See  page  124). 

Leaf-roll,  also,  is  heritable.  The  progeny  of  nineteen  tubers 
from  plants  affected  with  leaf-roll  were  all  severely  affected  with 
leaf-roU.    (See  page  124). 

Plants  apparently  normal  may  produce  only  abnormal  progeny. 
In  several  ioBtances  plants  of  large  size,  normal  foliage  and  high 
yield  gave  only  badly  diseased  progeny.  Examples  of  this  occurred 
in  Green  Mountain  Jr.  Aa,  Aj,  Bi,  B,,  Bj,  Fj,  F,,  Gi,  G,,  State  of 
Maine  and  Long  Island  Wonder.  Experience  with  Pride  of  Vermont 
(page  125)  and  Green  Mountun  (page  126)  indicates  that  perfectly 
normal  fohage  is  not  s  guaranty  that  the  progeny  will  be  normal. 

In  general,  the  several  plants  from  different  pieces  of  the  same 
seed-tuber  were  similar  in  character;  but  there  were  some  exceptions 
as  noted  below. 

Normal  and  leaf-roll  plants  may  come  from  different  tubers  of 
the  same  plant  (Green  Mountain  Jr.  Ai,  Fi  and  Ionia) ;  and  even 
from  different  pieces  of  the  same  tiiber  (Green  Mountain  Jr.  Fie 
andFif). 

Nomml  and  mosaic  plants  may  come  from  different  tubers  of  the 
same  plant.  Examples:  Green  Mountain  Jr.  Ai,  Fi,  J^;  State  of 
Mfune  (page  121);  Long  Island  Wonder  (page  121);  Rural  New 
Ymker  No.  2  (page  122);  and  Late  Victor  (page  122). 

•OrtiiB,W.A.    Potato  wUtileaCioll,  and  related  diseaws.    U.S.D.  A.  Bui.  04:14. 
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Normal  and  moBaio  plaots  may  come  from  the  same  tuber. 
Examples:  State  of  Maine  Bjk  (page  122)  and  Rural  New  Yorker 
No.  2  (page  121.) 

Normal,  leaf-roll  and  mos^c  plants  may  come  from  the  same 
tuber.    Examples:  Green  Mountain  Jr.  Fie  and  Bid. 

MoeaJG  and  leaf-roll  plants  may  come  from  different  tubers  of 
the  same  plant.  Examples:  Green  Mountain  Jr.  Ai,  At,  At,  Fi, 
Gi,  Gi,  Ii,  Ii;  and  Carman  No.  2  (page  121). 

Mosaic  and  leaf-roll  plants  may  come  from  the  same  tuber. 
Example:  Green  Mountain  Jr.  Ajd. 

Mosaic  and  curly-dwarf  plants  may  come  from  different  tubers 
of  the  same  plant.    Examples:  Green  Mountain  Jr.  A*  and  Bt. 

Leaf-roll  and  curly-dwarf  plants  may  come  from  different  tubers 
of  the  same  plant.    Examples:  Green  Mountain  Jr.  Aj  and  Bi- 

Mosaic,  leaf-roll  and  curly-dwarf  plants  may  come  from  different 
tubers  of  the  same  plant.    Example:  Green  Mountain  Jr.  Aj. 

Mosaic,  leaf-roll  and  curly-dwarf  plants  may  come  from  the  same 
tuber.    Example:  Green  Mountain  Jr.  BiC. 

Normal  and  spindling  sprouts  may  come  from  different  tubers 
of  the  same  plant  and  even  from  the  same  tuber.  Examples  in 
Pride  of  Vermont,  Ionia  and  Green  Mountain  Jr. 

The  abnorm^  elongation  of  tubers  ia  heritable,  but  not  correlated 
with  mosaic,  curly-dwarf  or  leaf-roll.  Examples:  the  progeny  of 
Green  Mountain  Jr.  Ii,  la  and  Ji  and  Ionia  (page  123).  From  the 
same  (normal)  tuber  may  come  plants  producing  only  normal 
(flat-oblong)  tubers  and  plants  producing  long,  slender  tubers. 
Examples:  Green  Mountain  Jr.  J  in  1914  (page  99)  and  Green 
Mountain  Jr.  G:j  in  1915  (page  118). 

Pronounced  narrowing  of  the  tubers  toward  either  the  stem-end 
or  the  bud-end  ia  not  a  symptom  of  leaf-roll,  curly-dwarf  or  mosaic. 
While  the  evidence  furnished  by  the  progeny  of  Green  Mountain 
Jr.  Aif,  A^,  Ath  and  A^i  (Table  III)  su^ests  an  intimate  relation 
between  leaf-roll  and  pointed  tuber  ends,  numerous  other  plants 
affected  with  leaf-roll  bore  only  tubers  of  normal  shape.  In  this 
connection  it  should  be  mentioned  that  tuber  A,  from  which  came 
plants  Ai,  Ab  and  As  (Table  I)  and  their  progeny  Aia  to  Aji*  (Table 
III),  was  strongly  narrowed  at  the  stem  end. 

Sprouting  tests  of  tubers  from  leaf-roil,  curly-dwarf  and  mosaic 
plants  show  that  spindling-sprout  is  not  a  symptom  of  these  diseases. 
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NATURE  OF  THE  SEVERAL  FORMS  OF  DEGENERATION. 

Throughout  this  paper  the  writer  has  attempted  to  use  the  names 
leaf-roll,  mosaic  and  curly-dwarf  in  the  same  aense  that  they  were 
used  by  Orton  in  his  Bulletin  No.  64.  In  some  cases  it  was  found 
very  difficult  to  distinguish  between  mosaic  and  curly-dwarf.  The 
typical  forms  of  these  two  diseases  seem  to  be  connected  by  inter- 
grading  forms.  The  brittleness  of  the  stems,  given  by  Orton  as 
one  of  the  symptoms  of  curly-dwarf,  we  were  unable  to  test  owing'' 
to  the  necessity  of  preserving  the  plants  to  determine  their  yield. 

It  may  be  doubted  that  the  plants  said  to  have  been  affected 
with  leaf-roll  were,  in  all  cases,  actually  affected  with  the  true  leaf- 
roll  described  by  Orton,  becaiise  the  transmissibility  of  the  disease 
through  the  tubers  has  not  been  tested.  Orton  says:  "  The  true 
leaf-roll  is  heritable."  The  most  that  can  be  said  for  the  accuracy 
of  our  diagnosis  is  that  all  other  known  causes  of  the  rolling  of 
potato  leaves  seem  to  have  been  eliminated. 

It  is  not  impossible,  also,  that  tubers  from  different  plants  may, 
sometimes,  have  been  mixed  accidentally;  but  the  utmost  care 
was  taken  to  avoid  such  errors. 

Assuming  accuracy  in  these  two  respects  the  data  presented 
indicate  that  leaf-roll,  mosaic  and  curly-dwarf  are  closely  related 
disorders  due  to  the  same  general  cause*.  What  that  cause  may 
be  we  do  not  know.  However,  it  may  be  confidently  stated  that 
it  is  not  an  organism  of  any  kind.  The  writer  has  seen  no  evidence 
tJiat  any  one  of  the  three  forms  of  degeneration  is  communicable 
from  one  plant  to  another  except  through  the  seed-tuber.    Neith^ 

'The  nuniucript  of  thU  bulletin  was  read  by  Mr,  W.  A.  Orion,  In  a  letter  to 
tlw  writer,  dated  June  21,  1915,  he  makes  the  toUowing  oommentB  which  he  has 
pven  UB  permisaion  to  publish  in  this  connection: 

"  Since  the  publication  at  my  Bulletin  64,  it  has  become  apparent  that  a  further 
■nixliTision  of  tbeee  deterioratioa  troublee  is  possible.  We  now  reoognixe  several 
typw  of  dwarfing  in  addition  to  the  true  curly  dwarf.  Leaf  roll  in  its  lost  staged 
imdooeB  a  dwarf  plant  snd  the  progeny  of  the  mosaio  hills  iaoludeB  many  dwarfed 
and  bushy  types  which  might  have  been  called  curly  dwarfs  &  few  years  ago.  There 
ia  also  a  type  marked  by  laclc  of  vigor,  small,  weak,  undeveloped  growth  without 
(bstinet  roaetting  or  buriuoees  which  ought  to  be  set  apart  from  the  others. 

"  I  do  not  fed  that  the  relation  between  leaf  roll  aod  mosaic  is  sufficieotly  proved 
by  yoor  obaervationB  to  justify  the  unrestricted  ooDcliudoos  you  have  given,  since 
if  it  shiOnld  be  diown  later  on  that  moaaic  is  communicable  like  the  tobacco  mosaic. 
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can  the  cauee  be  ascribed  to  any  weather  or  soil  condition  of  tiie 
current  season.  Normal  and  affected  plants  may  grow  side  by 
side  in  the  same  soil  under  the  same  weather  conditions.  Their 
hereditary  character  and  the  fact  that  normal  and  affected  plants 
may  come  from  different  buds  of  the  same  tuber  suggest  that  all 
three  forms  of  degeneration  have  their  origin  in  bud-variation.  On 
the  other  hand,  the  fact  that  plants  may  be  affected  with  leaf-roll 
and  mosaic  in  widely  different  degrees  is  opposed  to  this  view. 
Usually,  bud-varieties  are  more  constant  in  their  characters.  Also, 
it  is  very  unusual  for  the  same  sort  of  bud-varieties  to  occur  so 
frequently  as  do  these  three  kinds  of  degenerate  potato  plants. 

In  this  paper,  plants  showing  the  several  forms  of  degeneration 
have  been  referred  to  frequently  as  "  diseased  "  plants.  The  use  of 
the  word  disease  in  this  connection  is  merely  a  matter  of  convenience 
and  is  not  to  be  construed  as  indicating  that  the  writer  regards  the 
abnormality  in  question  as  a  pathologic  condition.  It  may  be  or 
it  may  not  be  such — we  do  not  know. 

In  Orton's  excellent  paper  previously  mentioned  will  be  found 
a  discussion  of  the  several  hypotheses  which  have  been  advanced 
to  account  for  the  appearance  of  leaf-roll  and  curly-dwarf:  also, 
references  to  the  Uterature  of  the  subject. 

BEARING  ON  THE  SELECTION  OF  SEED  POTATOES. 

The  b^t  known  method  of  combating  leaf-roll  and  curly-dwarf 
is  that  of  using  for  seed  only  tubers  of  normal  plants.  Undoubtedly, 
these  and  some  other  forms  of  disease  and  degeneration  may  be 
largely  eliminated  by  the  judicious  selection  of  seed.  Many  potato 
growers  who  rtiise  their  own  seed  potatoes  practise  hill-selection 
with  satisfaction  and  profit;  and  those  who  buy  their  seed  are 
banning  to  look  upon  certified  seed  potatoes  as  the  best  solution 
of  their  seed-potato  problem.  The  subject  of  seed  selection  is  one 
of  much  interest  at  present.  What  light  does  this  study  throw 
upon  it? 

FiTst:  It  is  plain  that  high  yield,  alone,  is  not  a  guaranty  of 
productivity  in  the  pr<^ny  of  the  following  season.  Neither  is 
the  possession  of  normal  foliage  by  a  plant  a  sure  indication  that 
its  progeny  will  be  normal.  Degeneration  may  occur  quite  suddenly. 
This  is  one  reason  why  "  selected  "  seed  and  "  certified  "  seed 
sometimes  fail  to  give  satisf  action. 
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Second:  It  is  unsafe  to  select  seed  potatoes  from  Selds  in  which 
the  plants  are  very  uneven  in  size.  The  small  plants  in  such  fields 
are  usually  degenerates  aod  their  appearance  in  lai^e  numbers  is  an  ' 
indication  that  the  strain  is  in  the  process  of  degeneration.  Even 
the  normal  plants  in  such  fields  may  produce  worthless  progeny 
aa  happened  with  Green  Mountain  Jr.  and  some  other  varieties  in 
OUT  experiments. 

Third:  The  mosaic  disease  threatens  to  become  an  important 
factor  in  the  production  of  seed  potatoes.  It  b  very  common  in 
the  seed-potato  fields  of  Maine  and  northern  New  York.  Long 
Island  buyers  of  northern-grown  seed  suffer  heavy  losses  from  it. 
Tlirough  the  experiments  of  Wortley*  and  the  observations  recorded 
Id  this  bulletin,  it  has  been  established  that  mosaic  is  transmitted 
through  the  seed  tubers.  Hence,  it  is  important  that  all  severely- 
affected  plants,  at  least,  be  eliminated  from  aeed-potato  fields.  It 
is  not  yet  clear  as  to  what  may  be  expected  of  the  progeny  of  plants 
slightly  affected  with  mosaic.  If,  aa  now  seema  probable,  tubers  of 
slightly-affected  plants  are  fiable  to  produce  worthless  mosaic  dwarfs, 
it  will  become  necessary  to  make  very  strict  rules  regarding  mosaic 
in  the  inspection  of  certified  seed  potatoes.  Unfortunately,  mild 
cases  of  mosaic  are  frequently  difficult  of  detection. 

Foiaih:  It  is  often  stated  that  potatoes  will  not  "  run  out "  if 
rigorous  seed  selection  is  practised.  The  writer's  experience  with 
the  degenerate  strains  herein  described  lead  him  to  question  the 
accuracy  of  this  statement.  It  seems  impossible  that  the  d^ener- 
ation  of  the  Green  Moimtain  and  Pride  of  Vermont  described  on 
pages  125-127  could  have  been  prevented  by  any  method  of  seed 
selection.  It  is  our  opinion  that,  uader  certain  conditions,  potatoes 
wiH  "  run  out  "  in  spite  of  anything  which  can  be  done. 

ion  of  potato  mowio  ttiiXMigh  the  tuber.    Sdenee 
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TREE  CRICKETS  AS  CARRIERS  OP  I^tosphaeria 
c&nioihynum  (Fckl.)*  Sacc.  AND  OTHER  FUNGLt 

W.  0.  GLOYER  4»D  B.  B.  FULTON. 

SUMMARY. 

The  name  tiee-cricket  canker  is  proposed  for  a  disease  of  amde 
branches  in  niiich  areas  of  dead  barh  infested  with  Coniothynum 
fuckelii  Sacc.  surround  the  oviposition  punctures  of  tree  crickets 
{(Ecanthus  spp.).  The  constant  association  of  C.  fuckelii  witti 
such  cankers  aroused  the  suspicion  that  tree  crickets  act  as  caniers  of 
the  fungus.  Throu^  inrestigationB  herein  described  this  Buspicion 
has  become  an  established  fact.  It  has  been  shown  that  diey  may 
carry  C.  fuckelii  from  raspberries  to  apple  trees  and  infect  them. 
Also,  that  they  carry  within  the  digestive  tract  and  on  the  outside 
of  their  bodies  spores  of  many  other  kinds  of  fungL  Spores  and 
fragments  of  mycelium  of  many  kinds  of  fungi  have  been  found  in 
the  excrement  of  tree  crickets  captured  in  the  field  and  in  ex- 
crement covering  the  oviposition  punctures  of  die  tree  crickets. 
Many  of  these  spores  were  viable, —  germinating  readily  in  drops 
(rf  water. 

In  feeding  experiments,  spores  of  Uatilaao  xeam  (Beckm.)  Ung., 
Coprinua  micaceus  (Bull.)  Fr.,  Coniotnyrium  fuckelii  Sacc., 
Nummularia  disereta  Tul.  and  Sphaeropsis  tnalorutn  Pk. 
passed  through  the  digestive  tract  of  tree  crickets  wiOiout  loss  of 
viability. 

Typical  cankers  resulted  when  tree  crickets  fed  on  Coniothyrium 
fuckelii  were  permitted  to  oviposit  on  apple  branches.  The  per~ 
centage  of  oviposition  punctures  resulting  in  cankers  was  con- 
siderably greater  when  the  insects  were  fed  with  C.  fuckelii  on 
raspberry  canes  than  when  they  were  fed  wiQi  pure  cultures  of 
C.  fuckelii  isolated  from  apple  branches.  The  oviposition  punctures 
of  (Ecanthaa  niveus  gave  a  higher  percentage  of  infection  than  did 
those  of  (E.  angustipennis;  and  for  both  species  the  percentage  of 
infection  was  considerably  higher  when  the  punctures  were  covered 
witii  grafting  wax  than  when  £ey  were  left  unprotected. 

*1d  this  paper  ConiolAyrium /uc^it  Sacc.,  the  aame  given  to  the  pycnidial  stage  of 
Leptorphaeria  eomothynwn  (Fckl.)  Sacc.,  U  frequently  used  as  a  matter  cf  oonveiueiioe 
whea  leference  ia  made  to  the  pycnidiol  stage  irf  ths  fungus. 

f  A  t^iriat  ot  TechniMd  Bulletin  No.  50,  March,  I91& 
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Typical  cankers  have  been  produced  artificially,  also,  by  inserting 
pelle^  of  tree-cricket  excrement  into  punctures  made  in  apple 
branches  wttJi  a  sterile  instrument  and  covering  them  with  graftmg 
wax. 

Clean  cultivation  and  the  use  of  arsenical  sprays  as  for  codling 
moth  appear  to  be  the  only  remedial  measures  required  tor  ttie 
control  fk  the  tree  crickets. 

REVIEW  OF  LITERATURE. 

That  the  various  speciee  of  tree  crickets  ((Ecantkus  epp.)  dis- 
seminate plant  diseases  has  been  suggested  by  previous  writers,  but 
in  all  cases  the  evidence  adduced  was  only  circumstantial.  During 
the  last  two  years  the  writers  have  studied  more  eloaely  some  of  the 
liabits  of  these  insects  and  their  relation  to  certain  fungus  diseases. 
The  data  here  presented  positively  convict  them  of  disseminating 
one  parasitic  fungus,  Leptoaphaeria  amiothyrium,  and  strongly 
suggest  the  possibility  of  their  carrying  others. 

The  present  paper  is  to  be  consider^  as  supplemental  to  Bulletin 
No.  388  and  Technical  Bulletin  No.  42  of  this  Station  rather  than 
as  a  summary  of  these  publications.  Some  of  the  things  mentioned 
are  not  considered  in  detail  when  such  observations  have  already 
been  discussed  in  the  previous  writings. 

It  is  impossible  to  consider  here  the  work  of  the  vast  number  of 
writers  (9,  27)  who  have  discussed  the  dissemination  of  human  and 
animal  diseases.  It  will  be  necessary  to  confine  ourselves  chiefly 
to  the  literature  of  the  agricultural  phase  of  the  subject.  In  con- 
adering  agents  of  the  transmission  of  bacterial  diseases  of  plants 
E.  F.  Smith  (38,  39)  states  that  man,  domestic  animals  (through 
the  agency  of  the  dung  heap),  birds,  insects,  and  worms  may  d^ 
tribute  the  bacteria.  Waite  (46),  Stewart  (43),  Jonee  (23),  and 
Burrill  (3)  have  proved  that  insects  carry  the  bacterium  causing 
tite  fire  bUght  of  fruit  trees.  Others  who  have  made  observations  on 
this  disease  have  associated  many  other  insects  as  possible  carriers. 
Brenner  (2)  and  Smith  (38)  have  observed  that  aphides  and  the 
larvee  of  the  cabbage  butterfly  may  disseminate  the  bacterium 
causing  the  black-rot  of  cabbage.  Smith  (37)  has  shown  that  the 
striped  cucumber  lieetle  {Du^olica  fiUoto)  dissemmates  the  organism 
cauMng  the  wilt  of  cucurbits;  and,  recently,  Rand  (33)  has  demon- 
strated that  these  msects  may  carry  the  disease  over  winter.  Kfister 
(24),  working  with  pathogenic  bacteria,  has  shown  experimentally 
that  bacteria  remain  at  least  24  hours  in  the  intestinal  tract  of 
cockroaches.  He  was  able  to  find  some  of  the  bacteria  in  the  ex- 
crement a  month  after  the  insects  were  fed  cultures.  These  organisms 
were  still  viable,  and  without  any  effect  upon  the  insect.  Wheeler 
(48)  suggests  that  ants  may  disseminate  the  fire  blight  of  fruit  trees 
I  they  feed  on  the  liquid,  saccharin  excrement  (honeydew) 
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of  suckme  insects  such  as  plant  lice,  scale  insects,  psylltds,  cicadas, 
etc.,  whiui  may  have  fed  previously  on  diseased  tissue. 

Considenng  the  fact  that  insects  normally  act  as  carriers  of  pollen, 
it  appears  but  natural  that  smaller  organisms  such  as  fungus  spores 
could  be  carried  with  greater  ease.  HeaJd  (18)  and  Stewart  and 
HodgkisB  (42)  found  a  mite  associated  with  the  bud-rot  of  carnations. 
Gr(»senbacher  and  Duggar  (17)  noticed  that  the  American  currant 
borer,  Psenocerus  mpemotatue,  fed  on  the  aclerotia  and  stromata  of 
Botryosphaeria  ri&is,  and  that  in  some  cases  infection  had  taken 

glace  about  some  of  the  oviposition  punctures.  Clinton  (5)  and 
iuirill  (4)  have  shown  that  the  fungus  of  the  apple  bitter-rot  is  carried 
by  insects.  Ducloux  (10)  believes  that  the  woolly  aphis  is  the 
cause  of  the  distribution  of  the  European  cuiker  fungus,  Nedria 
ditiaeima,. 

The  dissemination  of  the  chestnut  bark  disease  has  been  much 
conmdered  by  recent  writers.  Heald  and  StudhaJter  (19)  have 
shown  that  birds  may  carry  t^e  causal  organism.  Studhalter  (44) 
and  Studh&lter  and  Higgles  (45)  ascertained  the  number  of  En- 
dothia  or  other  spores  found  on  the  bodies  of  ants  and  other  insects, 
and  have  shown  that  these  spores  may  become  dislodged  by  the  move- 
ments of  the  insects.  Cr^ghead  (8)  observed  that  certain  insects, 
especially  Leptostylus  macuia,  eat  the  pustules  and  stromata  of 
Endothia  parasitica.  He  made  plate  cultures  of  the  stomach  con- 
tents and  excrement  of  this  species  but  failed  to  obtain  growth  of 
£]ndothia.  Because  of  this  fact  lie  concluded  that  the  insect  plays  on 
important  role  in  checking  the  chestnut  bark  disease. 

Whetiier  or  not  the  spores  of  fungi  are  acted  upon  by  the  digestive 
juices  in  their  passage  through  the  intestinal  tract  of  animals  has 
often  been  discussed,  but  less  often  proven.  Ascobtdus  furfuraceua 
(22)  and  Onygeria  apdrui  (31)  were  found  to  germinate  only  after 
they  had  been  acted  upon  by  the  digestive  juices  of  animals.  Hon- 
camp  and  Zimmerman  (20)  while  working  on  the  passage  of  stinking 
smut  through  the  digestive  tract  found  that  the  spores  were  not 
viable  after  passing  throi^h  chickens  or  other  higher  animals. 
Arzberger  (1),  in  some  of  his  unpublished  work  on  com,  has  shown 
that  the  spores  of  Coniosporium  gecem,  and  Fusariwm  spp.  found  on 
tite  kernels  of  com,  would  pass  through  the  alimentary  tract  <A 
cbickraiB  uninjured.  In  fact,  spores  had  germinated  and  produced 
mycelium  that  readily  grew  on  the  culture  medium.  That  insecta 
are  attracted  to  stinkhoma  has  long  been  known  (since  1575)  and  that 
their  spores  are  found  in  insect  excrement  was  shown  by  Fulton 
(14).  Cobb  (7)  showed  that  the  spores  of  the  stinkhom,  Ithyphallus 
coraSioides  (said  to  cause  a  root  disease  of  the  sugar  cane),  are  eaten 
by  flies,  beetles,  ants,  cockroaches,  earwigs,  wood-lice  or  sow-bugs. 
Such  spores  passed  through  the  digestive  tract  unchanged.  On  the 
other  hand,  the  spores  when  eaten  by  a  mule  did  not  germinate, 
having  apparently  been  acted  upon  by  the  digestive  juices.     Ijewton- 
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Bnun  (25)  also,  working  with  sugar  cane  diseases,  found  that  the 
red  stem-rot  due  to  C(Metotnchitm  fdlcatum,  usuaUy  enters  through 
wounds  made  by  the  cane  borer,  Grassi  (16)  fed  flies  Lycopodium 
spores,  Oidium  lacHs  from  cream,  and  the  spores  of  Botiytis  taken 
from  silkworms.  Both  the  Oidium  and  Botrytis  were  found  in  the 
flies'  dejections.  Mercier  (26)  found  the  excrement  of  Sdara  tkomae 
composed  mostly  of  the  spores  of  ClavicejB,  Wheeler  (47)  in 
discussing  the  fuugus^rowing  ants  of  North  Ameiica  describes  ants 
collecting  caterpillar  excrement  and  portions  of  leaves  in  order  to 
make  the  so  called  "  fungus  gardens,"  He  (48)  also  suggests  that 
the  ants  may  distribute  spores  by  dropping  hypopharyngeal  pellets 
or  by  dropping  their  germ-laden  feces,  Pet<ii  (30)  observed  that 
the  termites  u^  their  own  excrement  in  making  the  fungus  gardens 
and  that  on  this  material  various  species  of  fungi  were  usually  found 
more  or  less  constantly.  The  ambrosia  beetles  (47)  are  known  to 
have  fun^  growing  upon  their  feces  sjid  that  these  fungi  are  also 
used  as  food.  Schneider  and  Orelli  (36)  found  this  fungus  generally 
to  be  Monilia  Candida,  and  that  the  female  XyUborus  dispar  carries 
in  her  gizzard  a  supply  of  the  spores  which  are  not  digested,  Forbes 
(12)  studied  the  feeding  habits  of  tree  crickets  and  noted  that  spores 
of  various  fun^  could  be  found  in  their  excrement. 

Several  species  of  Coniothyrium  have  been  suspected  of  bemg 
carried  by  insects  and  higher  animals.  Prillieux  (32)  describes  the 
white  rot  of  the  grape  due  to  C.  dipiodiella,  states  that  it  is  a  wound 
parasite,  and  that  it  is  found  about  injuries  made  by  the  Cochylis. 
Stewart  and  Eustace  (41)  observed  lesions  product  by  Coniothyrium 
Juckelii  about  oviposition  punctures  made  by  the  tree  cricket*  on 
raspberry  canes.  Clinton  (6)  found  a  fruit-rot  of  the  raspberry 
due  to  this  fungus,  and  states  that  the  spores  may  have  been  car- 
ried by  bees  or  insects  that  had  previously  crawled  over  stems 
coated  with  spores.  Hopkins  (21)  noted  a  blighted  or  cankered 
area  about  tree-cricket  punctures,  but  did  not  ascertain  the  cause. 
Parrott  and  Fulton  (2S)  have  called  attention  to  Leptospkaeria 
coniothyrium  as  being  present  in  such  cankers  and  suggested  that 
tree  crickets  were  the  possible  carriers.  Engler  and  Prantl  (11) 
record  C.  coprophilum  as  occurring  on  rabbit  dung  in  Argentina, 
indicating  that  this  fungus  may  have  entered  the  alimentary  tract 
of  the  pnimal  and  was  uninjured  in  the  digestive  processes.! 

*  Reported  aa  snowy  trae  crioket,  (EcaTiUtTu  nweia;  but,  from  the  description  of  the 
nuimer  of  ovipoaition,  evidently  (E.  m^ricornw. 

t  Th&t  rimgi  are  carried  in  uid  develop  on  Oie  dung  of  herbivotous  aninuls  has 
long  been  known,  Freeh  horse  dimg  placed  under  proper  conditions  will  develop 
nua>jwpBaeBOi  fungi  that  appear  andtUaappeai  in  rapid  succesdon.  Some  fungi  are 
to  be  found  only  on  the  dung  of  certain  apeciea  of  animal  a  due  to  their  peculiar  feeding 
habita.  This  Bubject  has  been  conmdered  by  many  writers  amongst  whom  are  Brefeld 
(Untera.  Ckeammtgeb.  Mycol.  14 :  29,  1908),  Arthur  (Ind.  Sta.  Rpt.  1899,  p.  125), 
Morse  (Phjfiopalh  2:  147,  1912),  Maesee  and  Salmtra  (Attn.  Bot.  15:31^^7.  1901), 
and  Boiler  (Rcaearchw  on  fungi,  pp.  224-230.    1909). 
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DESCRIPTION  OF  TREE-CRICKET  CANKERS. 

The  prevalence  of  the  cankers  f  onned  by  Leptoaphaeria  coniolhyrium 
(Fckl.)  Sacc.  [Coniothyrium  fuckelii  Saec.)  has  been  generally  over- 
looked in  the  orchard  due  to  the  fact  that  they  are  seldom  rect^ized 
as  such.  More  often  they  are  mistaken  for  the  early  stages  of 
other  cankers  such  as  those  caused  by  BacHlus  amylovorus  (Burr.) 
De  Toni,  Spkaeropsis  maiorum  Pk,,  or  Glomerella  dngulata  (Stonem.) 
S.  &  V-  S.  Previous  writers  at  this  Station  {28,  13)  have  dracribed 
the  interesting  c^-laying  habits  of  the  various  species  of  the  tree 
crickets.  From  the  latter  part  of  August  until  the  insects  are  killed 
by  frost,  the  females  deposit  their  ej^  in  the  various  host  plants. 
Am  (Ecavlhus  niveus  De  Geer  and  <E.  angustipennis  Fitch  are  of 
economic  importance  to  apple  trees  these  species  were  given  special 
study  with  reference  to  their  ability  to  carry  fungi.  The  essential 
difference  between  these  two  species,  insofar  as  disseminaUon  of 
diseases  is  concerned,  lies  in  the  fact  that  the  former  plugs  the  opemng 
of  the  ovipoeition  puncture  with  a  pellet  of  excrement,  while  the 
latter  uses  portions  of  chewed  bark  that  it  has  gathered  promiscuoualy. 
Ajiffustipennis  prefers  branches  one-third  to  one-half  inch  in  diameter 
while  niveus  generally  selects  succulent  branches  from  one  to  three 
inches  in  diameter.  (E.  exdamaiionis  Davis  also  uses  a  pellet  of 
excrement,  and  it  is  beUeved  that  this  species,  although  much  less 
common  and  localized  in  its  distribution,  may  also  be  a  disseminator 
of  plant  diseases. 

If,  in  the  fall,  before  the  leaves  drop,  one  examines  the  tree-cricket 
pimctures  made  on  apple  treeg,  the  early  stages  of  this  canker  may  be 
found.  The  sUghtly-sunken,  circular  or  ellipticaJ  areas  of  bark  may 
be  as  large  as  2.5  cm.  (one  inch)  in  diameter  with  the  oviposition 
puncture  in  the  center  or  slightly  below  the  center.  When  first 
attacked  the  bark  becomes  water  soaked  and,  upon  drying  slightly, 
turns  brownish  in  color.  Upon  complete  desiccation  the  color  changes 
to  a  dull  red.  The  parasite  not  only  kills  the  bark  but  invades 
the  underlying  wood  and  gives  it  a  brown  color.  The  desiccation 
of  the  diseased  bark,  combined  with  continued  growth  of  the  healthy 
bark,  produces  a  line  of  demarcation  between  these  tissues.  In  the 
warm  days  preceding  the  blooming  period  these  cankers  may  enlarge 
or  new  ones  which  had  not  shown  any  activity  before  may  become 
aggressive.  Usually,  this  period  is  more  favorable  for  the  develop- 
ment of  the  natural  cankers  than  the  fall  of  the  year.  Plate  XIV, 
fig.  1,  shows  Leptosphaeria  cankers  about  oviposition  punctures. 
In  this  case  the  punctures  were  covered  with  grafting  wax  as  soon 
as  made.  The  cankers  enlarge  by  degrees  through  periods  of  growth 
alternating  with  periods  of  quiescence.  This  results  in  the  formation 
of  rings  of  light-  and  dark-colored  bark.  In  some  cases  eight  or  nine 
such  rii^  have  been  observed.    Plate  XIV,  %  2,  is  the  upper  canker 
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shown  in  Fig.  1  with  the  grafting  wax  removed.  It  shows  a  newly- 
formed  ring  of  secondary  growth  which  has  not  changed  color  and 
no  crack  has  formed  between  the  first  and  second  periods  of  fungus 
activity.  la  the  Spring  the  cankers  may  be  as  much  as  7.5  cm. 
(3  inches)  in  length  or  may  be  merely  a  puncture  with  some 
dead  tissue  about  it.  Sections  made  through  a  puncture  and  the 
surrounding  dead  tissue  will  show  strands  of  myceliima  passii^  from 
the  excrement  to  the  tissue.  Cultures  have  been  made  of  the 
cankered  bark  and  from  the  tissue  about  the  punctures  which  showed 
but  little  disease,  and  the  Coniothyrium  was  readily  isolated. 
Saprophytes,  also,  are  found  in  these  tissues,  but  these  are  considered 
as  secondary,  iiaving  attacked  the  tissue  after  it  was  killed  by  the 
parasite.  In  this  bulletin  we  have  considered  all  lesions  larger  than 
5  mm.  (ft  of  an  inch)  as  produced  by  the  oi^anism  while  those 
smaller  than  this  are  attributed  to  mechanical  injury  made  by  the 
insect's  ovipositor. 

There  is  always  a  tendency  on  the  part  of  the  host  to  exclude  the 
parasite  by  the  production  of  a  callus  at  the  boundary  between  the 
healthy  and  diseased  bark.  This  may  consist,  in  some  cases,  of  a  few 
bark  parenchymal  cells  formed  at  right  angles  to  the  line  of  fungus 
attack.  The  parasite  is  unable  to  attack  the  growing  tissue  and  in 
some  seasons  the  entire  wound  may  be  healed.  Often  the  callus  tends 
to  pry  the  dead  bark  loose  from  the  wood,  thus  producing  a'  concave 
dead  area  of  bark.  Usually  this  bark  is  separated  from  the  wood 
and  is  held  in  position  at  the  margin  by  fragments  of  bark.  In  but 
few  cases  does  the  fungus  a^ain  become  aggressive  in  the  autumn 
after  a  callus  has  form^;  but  when  this  happens  the  callus  is  killed 
back  and  coocentrio  rings  of  dead  tissue  resembling  miniature  Nectna 
cankers  are  formed.  Plate  XV,  &g.  1,  shows  a  tree-cricket  canker 
that  made  a  growth  in  the  autunm  of  1915.  Fig.  2  is  a  longitudinal 
section  of  the  same.  The  wood  beneath  the  bark  lesion  is  dark 
brown  in  color  with  tissue  strands  of  still  darker  color  in  the  1914 
wood.  Mycelium  of  the  parasite  was  seen  in  this  wood  and  portions 
of  the  wood  transferred  to  culture  media  gave  rise  to  the  pycnidial 
stage  of  Leptoephaeria  coniothyrium.  These  figures  also  show  how 
the  callus  pries  ofif  the  diseased  bark,  forming  cavities  in  which 
woolly  aphides  and  other  insects  like  to  hide. 

Id  some  cases  the  callus,  in  the  heahng  process,  tends  to  bunch 
at  the  center  of  the  wound.  This  tender  tissue,  when  irritated 
■  by  the  presence  of  the  woolly  aphides,  may  produce  outgrowths 
called  flap  tumors  by  Reed  and  Crabill  (34).  The  largest  outgrowth 
of  this  kind  oiwerved  in  the  orchards  about  Geneva  was  6  mm.  (one- 
fourth  inch)  in  diameter  and  was  produced  in  1915  from  the  center  of  a 
healed  canker  estimated  to  be  more  than  three  years  old.  Upon  thk 
dome^^haped  outgrowth,  as  well  as  on  other  smaller  ones,  woolly 
aphides  were  found.  It  is  believed  that  ttie  flap  tumor,  as  described 
t^  Heed  and  Crabill,  is  not  due  to  the  tree  crickets  or  the  parasite 
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Coniothyrium;  but  that  the  woolly  aphides,  by  their  presence,  stimu- 
late the  growth  of  the  tissues  in  the  same  manner  as  in  the  formation 
of  galls  produced  on  roots  on  branches  infested  by  this  insect. 

An  examination  of  the  cankers  a  year  after  the  punctures  were 
made  by  the  insects  will  show  but  few  fungus  fruifc-bodies  devel- 
oped. In  some  cases,  especially  on  the  lai^  cankers,  the  pycnidial 
form,  Coniothyrium  fudsdii,  may  be  found  as  black  dote  in  a  gray- 
tan  background  of  dead  bark  at  the  edge  of  the  leuon.  In  other 
cases,  the  papery  epidermis  may  become  loosened  and  expose  the 
pycnidia  resting  on  the  bark.  Should  the  bark  have  become  sloughed 
off  early  in  the  summer  the  pycnidia  may  be  found  resting  on  the 
surface  of  the  wood.  On  the  loose  bark  which  has  been  dead  for 
two  or  more  years  the  pycnidia  can  be  readily  seen  hidden  under- 
neath the  epidermis  and  resting  upon  the  surface  of  the  bark.  When 
moistened  with  water  these  can  he  seen  even  with  the  naked  eye. 
On  such  tissue,  Sphaeropeis  malorum,  Valaa  leucostoma  or  lesser 
para«tes,  and  saprophytes  also,  can  be  found.  In  some  orchards 
the  Eupei^cial  form  of  gphaeropsis  canker  may  be  found  on  the  larger 
apple  branches  about  the  tree-cricket  punctures.  These  areas  are 
from  5  to  10  cm.  (2  to  4  inches)  in  diameter  and  differ  from  the 
Leptosphaeria  cankers  in  that  in  the  former  only  the  outer  layers 
of  bark  are  attacked. 

On  young  trees  of  Ulmus  americana  10  to  12.5  cm.  (4  to  5 
inches)  in  diameter,  and  growing  among  tall  weeds,  Coraotkyrium 
fuckelii  was  found  producing  superficial  cankers  about  the  ovipod- 
tion  punctures.  Associated  with  this  fungus  was  found  Pestalozzia 
ineidens  (49).  On  older  trees,  grown  in  a  nearby  pasture,  cankers 
were  not  found. 

As  the  canker  caused  by  Leptosphaeria  coniothyrium  is  so  often 
found  associated  with  tree-cricket  punctures  it  is  proposed  that  the 
common  name  tree-cricket  canker  be  applied  to  it.  It  is  admitted 
by  the  writers  that  this  insect  is  capable  of  carrying,  also,  other 
canker-forming  fungi,  but  the  cankers  produced  by  them  can  be 
readily  distinguished  from  the  Leptosphaeria  cankers.  Moreover, 
they  are  of  infrequent  occurrence. 

Considering  the  general  habits  of  the  tree  crickets,  there  are  several 
possible  ways  in  which  the  spores  of  fungi  may  gun  entrance  to 
oviposition  wounds  and,  later,  form  canlrors.  Spores  may  be  in- 
introduced:  (1)  With  excrement  used  in  plugging  the  punctures; 

(2)  with  chewed  vegetable  tissue  used  In  plug^g  tlie  punctures; 

(3)  on  the  ovipositor;  (4)  by  b^ng  washed  into  the  punctures  by  rain. 
These  different  methods  wUl  now  be  considered  in  detail. 

PASSAGE  OF  FUNGI  THROUGH  THE  DIGESTIVE  TRACT 

OF  TREE  CRICKETS. 

If  bacteria  or  fun^  are  still  viable  after  passage  through  insects, 

this  fact  in  itself  would  indicate  that  the  insects  are  disseminators 
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(rf  diseases.  Before  making  feeding  tests  it  was  thought  advisable 
first  to  ascertain  what  organisms  are  found  in  the  excreta  of  the  tree 
crickets  found  in  the  &eld.  The  nature  of  the  excreta  naturally 
depends  upon  the  material  that  the  insect  eats.  Forbes  (12)  states 
that  the  food  of  CEcanthus  is  highly  miscellaneous,  consisting  largely 
of  Soral  organs  of  grasses  and  other  plants,  pollen,  leaf  tissue,  various 
fungi,  plant  lice  and  other  insects.  To  this  list  may  be  added  dead 
leaves,  diseased  bark,  and  fruit  such  as  pears,  peaches,  plums,  etc. 
In  order  to  obttun  excrement,  100  tree  crickets  were  captured  in  a 
somewhat  neglected  orchard  and  placed  in  a  clean  cage  for  24  hours. 
No  food  was  given  them  during  this  period.  Excrement  was  also 
collected  from  the  opening  of  oviposition  punctures.  In  some  cases 
the  feces  were  forced  from  the  body  and  collected  under  sterile  con- 
(titious.  These  pellets  were  examined  under  the  microscope  and  in 
no  case  were  any  found  free  from  fungus  spores  or  mycelium.  Sporea 
of  all  sizes  and  descriptions  were  found,  most  of  which  it  was  impos- 
sible to  classify.  Besides  numerous  bacteria  and  yeasts,  there  were 
fungus  spores  which  might  belong  to  the  following  genera:  Peni- 
dllium,  Aspergillus,  Mucor,  Fhoma,  Cladosporium,  Fusicladium, 
Cephalothecium,  Pestalozzia,  Fusarium,  Septoria,  Ascochyta, 
Si^iaeropsis,  Coniothyrium,  Coryneum,  Puccinia  (uredo  and  teleu- 
tospores  of  P.  graminis),  Oidium,  Fumago,  etc.  The  spores  and 
adults  of  Gregarina  sp.,  an  intestinal  protozoan,  were  also  very 
coaimon.  Many  of  the  fungus  spores  germinated  when  placed 
in  drops  of  water  and  kept  in  a  damp  chamber.  Poured-plate  cul- 
tures were  made  of  the  pellets,  but  in  most  cases  the  medium  was 
Boon  overrun  with  the  more  rapid-growing  fungi.  That  Sphaeropsta 
maiorum  may  also  be  found  in  the  excrement  is  seen  in  that  six  out 
of  eight  pellets  examined  on  one  occasion  showed  these  spores  present 
and,  when  plated  out,  colonies  of  this  fungus  were  recc^oized. 

Preliminary  feeding  tests  were  made  to  determine  if  spores  will 
pass  through  the  digestive  tract  uninjured.  For  this  purpose  14 
feeding  experiments  were  rn^e  with  three  tree  crickets  in  each 
otperiment.  One  of  these  tests  has  already  been  reported  (29). 
The  insects  were  placed  in  cages  and  permitted  to  feed  on  raspberry 
leaves  which  had  been  sprayed  with  a  2  to  5  per  ct.  sugar  solution 
containing  spores  of  com  smut  (  Ustilago  zeae),  or  spores  of  a  mush- 
room (CopnniK  micaceus).  The  tree  crickets  were  observed  for 
several  days,  and  the  excrement  collected  and  placed  in  drops  of 
water.  In  no  way  was  the  germination  of  the  spores  impaired  in 
nxng  through  the  digestive  tract,  the  percentage  of  germination 
D^g  the  same  as  in  the  checks. 

The  preliminary  exfjeriments  having  proved  satisfactory,  it  was 
thought  advisable  to  ascertain  if  the  various  fungi  causing  apple-tree 
cankers  would  pass  through  the  digestive  tract  uninjured.  For  this 
purpose  a  single  tree  cricket  (niveus)  was  chosen.  It  was  placed 
under  a  soil  percolator  which  was  properly  ventilated,  and  fed  upon 
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a  ripe  pear  (variety  Vermont  Beauty).  It  was  allowed  to  feed  also 
on  the  following  fungi,  only  one  being  present  at  a  time: 
(1)  A  stroma  of  Nuvamdaria  discrda  and  its  Burrounding  bark, 
upon  whose  surface  there  were  estimated  to  be  from  three  to  five 
nullion  spores*;  (2)  a  dead  branch  of  an  apple  tree  bearing  a  large 
number  of  pycoidia  of  Sphaeropais  maiorum;  (3)  a  portion  of  a 
Cuthbert  raspberry  cane  attacked  by  Coniotkyrium  fnckelii,  the 
spores  of  which  were  80  plentiful  as  to  give  the  cane  a  dusty  brown 
coating.  In  order  to  provide  drink  for  the  insects  and  facilitate 
mastication  the  portions  of  diseased  tissue  were  moistened  with  water 
every  other  day. 

The  test  was  carried  on  from  October  28  to  November  25,  1915, 
and  in  no  case  was  the  germination  of  the  spores  affected  in  any 
manner.  From  ax  to  twelve  pellets  of  gray-black  excrement 
^leasuri^g  1.5 x. 75  mm.  are  given  off  in  24  hours.  Tree  crickets 
starved  for  40  hours  and  then  fed  spores  showed  these  same  spores 
in  the  excrement  within  6^  hours.  Generally,  the  spores  remain 
at  least  24  hours  in  the  digestive  tract.  It  was  observed  that  when 
the  branches  were  moistened  with  water  veiy  few  pellets  were 
collected  the  following  day.  Instead,  the  w^  of  the  glass  soil 
percolator  was  spatt^cd  with  soft  pellets  ejected  by  t^  insect. 
In  one  case  the  excreta  were  thrown  7  cm.  (2J  inches)  from  the 
branch  and  on  a  level  with  the  top  of  the  branch.  In  other  cases 
pellets  were  found  7.5  cm.  (3  inches)  from  the  nearest  portion 
of  the  branch  and  17.5  cm.  (7  inches)  from  the  top  of  the  branch 
from  which  point  they  were  ejected.  This  would  indicate  that  in 
some  conditions  the  excrement  is  not  under  control  of  the  insect. 
Under  such  conditions  few  pli^  would  be  found  in  the  ovipodtion 
punctures. 

The  feeding  experiments  made  with  Nummvlaria  discrda  showed 
some  interestmg  facts.  A  drop  of  water  was  placed  on  the  stroma 
to  induce  the  insect  to  drink.  The  cricket  was  seen  to  walk  through 
this  liquid,  and  soon  thereafter  preen  its  legs  with  its  mouth-parts. 
Only  a^ter  44  hours  were  a  few  pellets  collected  that  ^owed  10  to 
15  spores  that  had  been  taken  into  the  digestive  tract  during  the 
preening.  After  8  days  the  insect  finally  found  the  spores  on  the 
stroma  and  made  a  good  meal  of  them.  An  examination  of  the  stroma 
showed  but  few  spores  where  previously  there  were  millions.  The 
pellets  collected  the  next  day  were  black  and  made  up  mostly  of 
spores.  Five  days  later  the  last  of  these  spores  were  expelled  by 
the  insect.  Pellets,  made  up  mostly  of  spores,  showed  in  one  case 
about  2  per  ct.  of  the  spores  chewed  while  in  other  pellets  none 
were  observed  to  be  ruptured.  Pellets,  as  well  as  spores  taken 
from  a  stroma,  were  placed  in  drops  of  water  to  compare  the  germi- 
nation.    In  both  cases  there  was  a  retarded  and  low  percentage 

*  Based  on  counts  made  by  a  hemacytometer  on  Bimilar  stromata. 
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(2  per  ct.)  of  gennination.  The  experiment  was  then  repeated, 
with  a  few  hand  sections  of  apple  wood  placed  in  BOme  of  the  dropa 
of  water.  The  spores  became  attached  to  the  wood  sections  and 
those  from  both  the  pellets  and  checks  showed  a  rapid  gernuoation 
of  over  95  per  ct.  in  24  hours.  Those  placed  in  distilled  and  tap 
water  again  showed  the  low  percentage  of  Kennination.  These 
teste  were  repeated  many  times  (using  vials  as  wdl  as  drops  of  water), 
and  it  was  established  that  in  the  fall  of  the  year  the  spores  of 
N,  discreta  readily  germinate  in  the  presence  of  apple  wood  and 
tiiat  these  spores  pass  uninjured  through  the  intestinal  tract  of 
Ute  tree  cricket. 

When  apple  branches  bearing  Sphaeropsia  or  raspberry  canes 
bearing  Coniothyriiun  were  used  m  the  feedii^  tests  the  same  general 
resulte  were  noted.  On  the  apple  branch  the  tree  cricket  would  chew 
the  pycnidium  of  S.  maiorutn  as  well  as  the  surrounding  bark  pro- 
ducing a  cavity  as  large  as  a  pin  head.  The  papery  epidermis  of 
the  raspberry  canefl  was  also  eaten.  As  the  insect  has  a  tendency 
to  climb  as  high  as  it  can,  these  chewed  portions  of  the  bark  were 
most  often  observed  near  the  tops  of  the  canes  or  branches.  The 
first  spores  of  S.  malorum  found  in  the  pellets  were  few  and  did  not 
germinate  even  when  placed  in  the  presence  of  sections  of  apple 
wood.  Later,  spores  were  more  abundant;  also  pycnidial  tissue 
from  which  mycelium  would  grow.  These  later  spores  germinated 
readily  in  water,  and  quite  as  well  in  the  absence  of  wood  sections 
as  in  th^  presence.  The  spores  of  Cotiiothyrium  fuckelii  were 
readily  eaten  and  were  plentiful  in  the  excrement.  In  water,  the 
spores  from  the  pellets  and  also  those  taken  directly  from  the  canes 
germinated  slowly,  producing  short  hyphie.  When  placed  in  the 
presence  of  sections  of  apple  wood  the  percentage  of  germination 
increased  from  25  to  100  per  ct.,  and  the  growth  of  mycelium  was 
five  to  sax  times  as  n^id.  Spores  of  SptMcreUa  ndnna  also  passed 
timnigh  the  digestive  tract  uninjured. 

Since  the  tree  cricket  used  in  the  above  experiments  lived  about 
a  month  on  a  diet  of  pear  and  diseased  apple  bark  and  raspberry 
canes  it  may  be  of  interest  to  consider  the  source  of  its  nutrition. 
It  is  clear  that  no  nourishment  was  obtained  in  eating  the  spores, 
for  t^ey  were  not  digested.  Perhaps  some  of  the  bark  eaten  was 
tx^gested  by  the  fungi;  but  this  would  not  explain  why  the  large 
mass  of  Nummularia  spores  was  eaten,  it  is  possible  that  the 
spores  may  act  as  roughaae  and  were  eaten  for  that  purpose;  but 
it  ^pearB  more  plausible  ^t  the  spores  still  retain  on  their  surface 
some  of  the  protoplasm  of  the  ascus  or  pycnidium  which  makes 
them  palatable.  In  some  pellets  most  of  the  material  was  made 
up  of  spores,  mycelium  or  bark,  while  in  others  the  greater  portion 
conasted  of  digested  pear  tissue.  In  the  pear,  the  insect  would  first 
chew  holes  about  2  mm.  in  diameter  — just  large  enough  to  permit 
the  entrance  of  its  head.  In  subsequent  feedings  the  holes  would 
10 
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be  enlarged.  It  was  observed  that  the  insect  rejected  amall  portions 
of  pear  tissue  .5  to  .8  mm.  Id  size.  Upon  examination  these  were 
found  to  consist  mostly  of  stone  cells.  However,  all  of  the  stooe 
celb  were  not  rejected  as  being  too  hard  to  chew  for  some  were 
also  found  in  the  dejectionfl,  "Riat  the  toughness  of  the  skin  of  the 
fruit  is  important  in  resisting  the  insect  is  shown  by  the  fact  that 
when  tough-skinned  grapes  or  apples  were  placed  in  the  cage  they 
were  not  attacked.  These  observations  confirm  those  made  by 
Garman  (15)  who  noted  that  tree  crickets  rather  than  bees  injure 
plums,  peaches  and  grapes.  About  the  holes  made  on  the  pear, 
decay  would  set  in  and  Penicillium,  Alternaria,  Sphaeropsis  mah>rum 
and  Coniotkyrium  fuckelii  were  found,  indicating  that  spores  of  these 
fungi  may  have  been  distributed  through  the  mouth-parts  of  the 
insect  or  carried  on  its  body  and  deposited  on  the  injured  tissue. 

That  <E.  nigricomia  may  disseminate  fungi  can  be  seen  in  the 
examination  of  its  oviposition  punctures  made  on  raspberry.  Hard 
eections  of  the  tissues  about  these  wounds  showed  the  presence  of 
ramifying  strands  of  mycelium  arising  from  the  masses  of  chewed 
tissue  inserted  into  the  holes.  In  this  manner  may  be  explained 
the  numerous  lesions  of  cane  blight  that  develop  about  tree-cricket 
punctures  on  raspberry  canes. 

After  the  death  of  the  specimen  of  niveus  used  in  the  above  ex- 
periments, it  was  dismembered  and  the  portions  examined  under  the 
microscope.  As  the  insect  was  last  feeding  on  a  branch  attacked 
by  Sphaeropsis  malorum  it  was  covered  with  the  dark-colored 
Sphaeropsis  spores  which  could  be  readily  seen  and  counted.  Oo 
the  bind  legs  were  counted  456  spores  of  which  the  greater  number 
were  found  at  the  proximal  end  of  the  tarsus  near  the  tibial  spurs, 
which  assist  the  insect  in  clinging  to  the  bark.  Plate  XVII,  fig.  1, 
is  a  photomicrograph  of  the  tarsus  showing  the  numereus  spores 
clinging  to  the  spurs,  hairs  and  surface  of  the  leg.  On  the  second 
ptur,  and  on  the  fore  legs,  87  and  18  spores  respectively  were  counted. 
On  the  head,  mouth-parts  and  antennae,  30  spores;  on  the  dorsal 
and  ventral  surfaces  of  the  body  25  spores;  and  on  the  wings  39  spores 
were  counted,  making  a  total  of  655  Sphaeropsis  spores  found  on 
the  tree  cricket.  Six  Nummularia  spores  were  found  —  two  on  the 
mags  and  four  on  the  tibia  of  one  of  the  hind  legs.  As  the  insect 
had  not  been  in  contact  with  the  spores  of  this  fungus  for  20  days 
this  further  demonstrates  how  long  the  spores  may  cling  to  the 
body  of  these  insects.  The  small  size  of  the  Coniothyrium  spores 
and  their  similarity  in  color  to  that  of  the  insect  made  it  difficult, 
by  direct  observation,  to  obtain  data  in  regard  to  the  number  of 
spores  present.  In  examining  the  wings  we  were  surprised  to  find 
germinated  spores  of  unidentified  fungi  which  had  gotten  on  the 
wings  before  the  insect  was  introduced  into  the  feeding  cage.  Plate 
XVII,  figs.  2  and  3,  are  photomicrographs  of  portions  of  the  wings. 
Figure  2  shows  the  mycelium  arising  from  a  portion  of  dead  bfu'k, 
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and  oa  one  side  are  seen  SphaeropsiEt  spores  that  had  not  germinated. 
In  Fig.  3  the  mycelium  arose  from  some  spiny  spores  of  an  un- 
identified fungus.  lo  general,  those  portions  of  the  body  most 
difficult  to  preen  had  the  most  sporce  on  their  surfaces,  and  it  appears 
evident  that  the  insect  can  disseminate  fungus  spores  not  only  by 
means  of  its  excrement,  but  also  by  dropping  spores  that  become 
attached  to  its  body. 

ATTEMPTS  TO  INDUCE  CANKER  FORMATION  BY  MEANS 
OF  THE  EXCREMENT. 
The  evidence  that  spores  pass  through  the  digestive  tract  of  the 
tree  cricket  uninjured,  a  fact  in  itself  sufficient  to  convict  the  insect 
of  being  a  disseminator  of  diseases,  led  the  writers  to  inquire  if, 
under  controlled  conditions,  apple  cankers  could  be  formed  by  them. 
For  this  purpose  a  large  number  of  tree  crickets  were  collected  in 
1914,  placed  in  cages  and  allowed  to  feed  on  raspberry  leaves,  which 
they  readily  ate.  Mycelium  from  pure  cultures  of  Coniothyrium 
fut^lii,  isolated  from  an  apple  canker,  was  ground  in  a  sterile  mortar, 
placed  in  prune  juice,  2  per  ct.  sugar  solution  or  in  distilled  water, 
and  then  spread  upon  the  raspberry  leaves.  In  other  cages,  were 
placed  raspberry  canes  infested  with  Coniothyrium  fuckelii  showing 
an  abundance  of  the  pycnospores,  and  the  insects  allowed  to  feed 
on  them  for  at  least  24  hours.  The  two  species,  (E.  niveus  and 
atiguetipennis,  were  then  separated  and  placed  in  cages  about  apple 
branches.*  For  niveus,  branches  at  least  2  cm.  (f  inch)  in  diameter 
were  selected  while  for  angustipennis  smaller  branches  were  used. 
These  tests  were  begun  September  9,  and  ended  October  13,  when 
the  cold  weather  made  it  impracticable  to  continue  them  longer. 


sod  ten  inches  apart.  Commeocing  three  inchM  from  one  end  of  these  wiree,  by 
•erosB  thom,  at  iatervals  o!  Gve  inches,  three  pieces  of  wire  22  inches  long  and  one  piece, 
C,  30  inches  long.  Ijct  the  long  irire  project  about  four  inches  tieyood  the  shorter 
ones  at  each  ead.  At  the  points  of  intersection  faaten  the  cross-vriree  securely  to  A 
and  B.  Thin  is  best  done  by  means  of  U-shaped  pieces  of  wire  which  are  first  placed 
Htetde  the  cross-nire,  then  bent  under  the  intersecting  wire  and  upward  on  the  oppo- 
mte  ddc  where  the  euds  are  finally  twiated  together  over  the  cross-wire.  In  making 
the  fastening,  both  wires  must  be  l>ent  a  little  to  prevent  slipping.  If  the  wire  used 
is  not  too  coaree  this  is  readily  accomplished  by  twisting  the  ends  irf  the  fastener  with 
a  pair  of  pliers.  Iron  wire,  No,  12  gage,  is  very  satisfactory  for  this  purpose.  Up  to 
this  point  the  canstruction  resembles  closely  that  of  a  small  wire  fence.  Time  may 
be  economiied  by  making  several  frames  at  one  time  on  two  long  pieces  of  wire. 

The  frame  is  now  ready  to  attach  to  the  branch.  Phice  the  long  mre,  C,  parallel 
with  the  branch.  Bend  the  wires  A  and  B  around  the  branch  in  such  a  manner  as  to 
make  a  foui-aded  figure  and  fasten  tc«ether  their  free  ends  by  means  of  a  hook-and-eye 
attachment.  At  the  upper  and  lower  ends  of  the  frame  bend  inward  the  free  ends  of 
the  three  shorter  wires,  place  a  ring  of  cotton  between  them  and  the  branch,  and  fasten 
lU  securely  to  the  branch  by  winding  cloeety  around  them  the  projecting  ends  of  the 
kxig  wire  C.  (See  Plate  XVI. )  Over  this  frame  wrap  cheesecloth  closely  and  iis  ttte 
ends  above  and  below  with  string. 

The  insects  are  introduced  jost  before  tying  the  upper  end. 
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It  was  observed  that  when  the  insects  were  caged  on  the  branches 
for  two  nights  the  weaker  ones  (usually  males)  were  killed  and 
partly  eaten  by  their  stronger  companions.  The  mortality  being 
high  it  was  decided  to  supply  them  'with  aphides  (several  species) 
found  on  weeds  and  grain.  After  this  was  done  but  few  crickets 
were  killed.  At  the  end  of  the  second  day  the  cages  were  examined 
and  the  number  of  punctures  counted.  Some  of  them  were  covered 
with  grafting  wax,  to  exclude  outside  contamination,  while  others 
were  feft  untreated,  but  their  portion  was  marked  with  white  lead 
paint.  This  last  method  was  necessary  in  order  to  distinguish 
canket^  formed  under  controlled  conditions  from  those  that  might 
be  formed  later  in  the  natural  manner.  The  growth  of  the  cankers 
was  observed  from  time  to  time  the  final  examination  being  made 
November  18,  1915.  The  results,  as  given  in  Table  I,  include 
all  cankers  larger  than  5  ram.  (A  inch)  in  diameter.  Cultures 
were  not  made  of  all  of  the  cankers  formed,  but  whenever  such 
cultures  were  made  (especially  in  the  early  stages)  no  difficulty  was 
found  in  obtaining  the  Coniothyrium.  Other  fungi  (saprophytes) 
were  also  found,  but  they  were  not  constant. 
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Experiments  were  made  to  determine  if  cankers  would  form  when 
the  crickets  were  eliminated  thus  removing  the  possibility  of  infection 
from  spores  carried  on  their  bodies.  For  this  purpose  pellets  of 
excrement  were  collected  from  the  feeding  cages,  and  inserted  into 
apple  branches  umng  the  usual  precautions  to  keep  the  tissues  and 
instruments  sterile.  The  wound  was  made  by  punching  a  hole 
in  the  bark  with  a  sterile  forceps  thus  imitating,  in  a  way,  the 
oviposition  process.  Into  the  wound  a  pellet  was  inserted  and  then 
covered  with  warm  grafting  wax.  It  was  found  that  the  wax  would 
not  readily  adhere,  due  to  a  copious  Sow  of  sap.  In  most  cases 
sufficient  sap  would  be  present  to  soften  the  pellet  and  di»nt^rate 
it;  but  upon  drying  it  would  reform  as  a  neat  cap  covering  the  opening 
of  the  wound.  On  succulent  branches  enough  sap  would  exude 
to  wash  all  the  excrement  from  the  wound.  In  the  early  pEirt  of 
the  egg-laying  season  pellets  are  often  seen  as  eliptical  masses  forced 
into  the  punctures.  Subsequently,  caps  form  over  the  wounds, 
indicating  that  the  exudation  of  sap  may  take  place  later  when  the 
condition  of  the  host  is  more  favorable  for  the  process.  Under 
ordinary  conditions  the  insect  (niveus)  may  be  seen  packing  the 
excrement  in  position,  but  it  may  be  assisted  by  the  softening  of  the 
excrement  by  the  sap.  In  the  Spring  of  the  year  when  the  Lepto- 
sphaeria  is  about  to  become  active,  and  continuing  for  some  time, 
a  brown,  sweet,  sap  may  be  observed  exuding  from  the  oviposition 
punctures  or  from  the  cankers  formed  in  the  preceding  Autumn. 
The  results  of  attempts  to  form  cankers  with  the  insects  eliminated 
are  sunmiarized  in  Table  II.  The  experiments  were  made  at  the 
end  of  the  egg-laying  season,  and  the  excrement  used  was  that 
which  had  accumulated  in  the  feeding  ci^es  for  various  periods, 
the  number  of  days  being  indicated  by  figures  in  the  column  under 
"  age  of  excrement  "  in  Table  II, 

Tabix  II. —  SuinuRT  or  Data  prou  Expekiubnts  on  the  Pboduction'  or  Cankgb 
sr  Abuficul  Ikocui^tion  or  Aftle  Branches  with  Tbeb-Csicket  Ex- 

CBEUBNT. 


Number       Percentage 
of  cankerB   |   of  cankerH 


Fed  nspberry  cuitt  infMted  with  CfiukdH. 

Oct.  22 1  3ft  I  6  1 

Nov.   2 29  8 

Nov.  2 1  183  I  30  I 

Checks;  fed  raapbeny  [eaves  only. 

Not.  2 1  22  I  5  J 

Checks:  punctures  only. 
Not.  2 j  77  I  0  I 
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EXPLANATION  OF  PLATES. 

Plate  XIV. —  Fia.  1 .  Cankers  about  oviposition  punctures  of  (Eeanihv*  numu  on 
an  apple  branch.  Tree  cricketa  were  permitted  to  feed  on  rasoberry  caim  infeiited 
with  Coniolhtfrium  fuckdii  and  then  caged  on  an  apple  branch  during  two  niglita. 
Seventeen  ovipomtion  punctureB  were  made  each  of  which  was  covered  with  grafting 
was.  Four  cankers,  a,  b,  c,  d,  were  farmed.  From  a  and  d  pure  cultures  <A  ConioOiy- 
riwB  fti^MlU  were  obtained;  while  b  gave  rise  (o  rapid-growing  aaprophytes  which 
ovemn  the  slowv-growing  Coniothyrium.  Cultures  of  c  remained  st«ile  owing  to 
too  long  treatment  of  the  tissue  with  mercury  bichlorid.     NatunJ  size. 

Flo.  2.  Canker  a  of  fig.  I  twice  enlarged.  The  grafting  wax  has  been  removed  to 
show  the  relation  of  the  puncture  to  the  canker.  This  figure  shows,  also,  the  lonation 
of  the  dead  tiaaues  due  to  periods  of  varying  activity  of  the  fungus.  The  second  sons 
was  formed  five  daya  after  the  first-  It  was  characterised  by  a  alight  reddening  of 
the  bark  while  the  color  of  the  older  or  central  portion  of  the  cancer  was  reddisJi 

Platx  XV. —  Fia  1.  Canker  formed  about  an  oviposdf Ion  puncture  of  CEcanOiut 
nwnu  on  an  apple  branch.  Tree  cricketa  were  p«7nitted  to  feed  on  raspl>»Ty  eanea 
fatfested  with  Coniothyrium  fvckdii  then  caged  on  a  Baldwin  apple  branch  Septembo' 
29,  1914.  The  ovipodtion  punctures  were  not  covered  with  groftii^  wax,  but  their 
locatiDn  was  marked  by  dabs  of  white  paint.  Eighteen  punctures  were  made,  but 
only  one  canker  resulted.  This  canker,  Dot  in  evidence  as  late  as  April  3,  1S15,  had 
attained  a  diameter  of  2.5  cm.  (one  inch)  by  May  8,  1915.  During  the  fotlowing  sum- 
mer a  callus  formed  and  the  growth  of  the  canker  was  arrested;  but  in  the  autumn  of 
1915  the  fungus  again  became  aggresdve  and  produced  an  enlargement  of  the  lesion 
at  the  upper  end.  The  oviposition  puncture  from  which  the  canker  originated  may  be 
seen  a  few  millimeters  below  the  paint  spot.     Enlarged  one  and  one-half  diameters. 

Fio.  2.  A  longitudal  section  through  the  canker  shown  in  fig.  1.  Microscopic 
examination  of  the  discolored  (brown)  wood  revealed  the  presence  of  fungus  hyphae 
in  it.  Cultures  were  made  and  Coniothyrivm  fuckelii  obtained.  This  figure  shows 
how  the  formation  of  the  callus  causes  the  dead  bark  to  separate  from  the  wood- 
In  the  newer  portion  (uppra  part)  of  the  canker  the  bark  is  dead  but  the  wood  under- 
neath  is  not  yet  discolorad.    Enlarged  one  aod  one-balf  diametmv. 

Plats  XVI. —  f>ame  of  cage  for  confining  tree  crickets  <hi  appb  braaches.  For 
description  see  footnote  on  page  14.     About  one-fourth  natiu^  mae. 

Plate  XVII. —  Fia.  1,  Photomicrograph  of  the  proximd  portion  of  the  tarsus  of  b 
hind  teg  of  (E.  ntmia  showing  spores  of  SphaervmU  puloram  clinging  to  spun,  haira 
and  surface  of  the  le%.  The  spun  serve  as  holdTaats  to  asdst  the  tree  cricket  in 
walking  on  upright  surfaces. 

Fio.  2.  Photomicrograph  of  a  mass  of  myceliuni  found  on  the  wing  of  (E.  ntii«v«. 
Spores  of  Sphaeropsit  malorum,  although  present,  have  not  germinated. 

Pia.  3.  Photomicrograph  of  germinated  spores  on  the  wings  of  (E.  nivem.  In  this 
case  the  spores  (unidentified)  are  large  and  spiny.  They  became  attached  to  the  wii^ 
while  the  insect  was  in  the  field.  ~ 
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A  few  attempts  were  made  to  produce  cankers  about  oviposition 
punctures  by  the  use  of  other  organisms.  Tree  crickets  were  allowed 
to  feed  on  peaches  attacked  by  the  brown-rot  fungus,  Sderolinia 
fTUcHgena,  and  then  were  placed  on  peach  trees.  Oviposition  punc- 
tures were  made,  but  in  all  cases  the  ^g,  as  well  as  the  excrement, 
was  forced  out  of  the  puncture  by  the  formation  of  gum.  Experi- 
ments were  made,  also,  with  tree  crickets  fed  pure  cultures  of  the 
fire  blight  organism.  Bacillus  amylovorus,  but  in  all  cases  the  results 
were  n^ative.  These  experiments  were  made  September  9,  1914, 
and  the  season  was  not  favorable  for  the  activity  of  the  oi^anism.* 
While  under  ordinary  conditions  it  is  hardly  probable  that  the  blight 
oi^anism  is  disseminated  by  tree  crickets,  yet,  under  exceptional 
conditions,  they  may  be  a  factor  in  spreading  it. 

The  parasitism  of  Leptosphaeria  coniotkyrium  has  been  proven  by 
making  inoculations  with  pure  cultures  isolated  from  various  hosts. 
That  Coniothyrium  fuckeln  is  genetically  related  to  Leptosphaeria 
coniothyrium  was  suggested  by  Saccardo  (35)  and  later  proven  by 
Stewart  (40).  It  may  be  stated  that  variations  in  virulence  and 
cultural  characters  exist  among  the  various  strains  of  Coniothyrium 
isolated  from  different  hosts;  but  as  more  time  is  required  for  the 
completion  of  our  studies  along  this  tine  the  discussion  of  the  subject 
will  be  reserved  for  a  future  publication. 

PREVENTIVE  MEASURES. 
In  confddering  methods  for  the  control  of  tree  crickets  in  apple 
orchards  we  have  observed  that  the  ordinary  practices  of  spraying 
and  cultivation  will  control  the  insects.  Dormant  sprays  do  not 
affect  the  hatching  of  the  eggs.  It  is  the  sprays  containing  arsenical 
poisons  that  are  effective.  An  examination  of  the  bark  from  un- 
sprsyed  trees  will  show  it  to  be  very  much  pitted;  while  the  bark 
<a  trees  of  the  same  age  but  well  sprayed  will  be  smooth  and  free 
from  tree-cricket  scars.  As  the  nymphs  appear  early  in  June  it  is 
likely  that  they  are  killed  by  the  ordinary  Arsenical  sprays  applied 
at  that  time  for  codling  motjb. 

DISCUSSION. 

It  has  here  been  shown  that  the  tree  crickets  not  only  carry  fungus 

spores  on  their  bodies,  but  that  they  eat  mycelium  and  spores, 

which  are  unaffected  by  the  intestinal  juices.     It  may  be  supposed 

that  since  (E.  niveus  plugs  the  oviposition  puncture  with  excrement 

'That  B.  amylovonu  may  be  active  m  September  has  beea  observed  by  tme  of 
tlie  writers.  In  1911,  at  Wooster,  O.,  an  attempt  was  made  to  keep  a  26-yeaT-oId 
Tolman  apple  tree  free  from  blighted  twigs  uid  branchee.  The  last  pniuing  waa  made 
tady  in  Septembo'.  Then  the  attempt  waa  abandooed,  for  blight  continued  to 
appeftr,  IdQing  the  twign.  The  season  was  a  very  moist  one,  and  the  (q;ndemic  war 
dMdy  imociated  irtth  an  infestation  of  leaf  boppen. 
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every  wound  ought  to  have  produced  a  canter.  There  are  several 
factors  that  may  reduce  the  percentage  of  cankers  formed:  (1)  The 
organism  necessary  for  the  production  of  the  canker  may  not  be 
present  in  the  particular  pellet  inserted  into  the  puncture;  (2)  the 
maect  may  have  been  disturbed  in  the  act  of  oviposition  and  the 
pellet  not  inserted  into  the  puncture  (often  punctures  were  observed 
uncovered  and  in  some  cases  the  pellets  were  found  clinging  to 
the  bark  2  to  3  mm.  from  the  vound);  (3)  when  the  insect  has 
access  to  an  abundance  of  water  the  dejections  may  not  be  under 
the  control  of  the  insect  and  thus  no  pellet  would  be  found  in  the 
puncture;  (4)  the  germination  of  the  spores  may  have  been  inhibited 
by  desiccation  of  the  pellet;  or  the  exudation  of  the  sap,  which 
under  the  stimulating  influence  of  the  wood  tissue  makes  the  spores 
germinate,  may  not  have  taken  place.  (5)  Slow-growing  branches 
may  not  be  favorable  for  the  formation  of  cankers;  (6)  the  tem- 
perature, combined  with  the  dormant  condition  of  the  tree,  may  not 
nave,  been  favorable  for  the  activity  of  the  fungus.  Judging  from 
inoculations  made  at  the  same  time  that  the  crickets  were  placed 
on  the  trees,  it  appears  that  numbers  1,  2,  3  and  4  were  the  prime 
factors  in  reducing  the  percentage  of  the  cankers  formed.  That 
defecation  is  important  is  seen  whenever  the  punctures  were  not 
covered  with  grafting  wax,  for  in  all  cases  the  percentage  was  lower 
than  when  tlwy  were  covered.  It  is  believed  that  but  few  spores 
are  washed  into  the  punctures  by  the  rain,  for,  if  such  were  the  ease, 
s  higher  percent^e  of  cankers  would  have  been  formed  where  the 
punctures  were  left  uncovered.  The  feeding  of  aphides  to  the  tree 
crickets,  while  they  were  in  the  cages  about  the  trees,  had  no  effect 
in  increasing  or  decreasing  the  percentage/of  cankers  formed.  That 
more  cankers  were  formed  when  the  insects  were  permitted  to  feed 
on  raspberry  canes  infested  with  C.  fuckelii  than  when  they  were 
fed  pure  cultures  of  this  same  fungus  isolated  from  an  apple  canker 
can  be  explained  by  the  greater  virulence  of  the  former.  Also, 
in  the  case  of  the  former  the  spores  eaten  were  more  resistant  to 
desiccation  than  waa  the  mycelium  eaten  in  the  latter  case.  That 
freezing  of  the  tissues  is  not  necessary  for  the  formation  of  the 
canker  is  shown  by  the  results  of  inoculation  experiments,  and  also 
by  the  fact  that  cankers  developed  in  the  greenhouse. 

It  has  been  shown  that  spores  of  Sphaeropsia  malorura,  the  causal 
organism  of  black-rot  canker,  may  be  found  in  the  excreta  of  tree 
crickets  captured  in  orchards,  and  that  such  spores  often  produce 
superficial  cankers.  It  is  possible,  though  not  proven,  that  tree 
crickets  disseminate,  also,  other  canker-producing  fungi  such  as 
Numtmdaria  discreta,  Myxosporium  corticolum  and  GlomereUa 
cingulaia.  It  is,  not  believed  that  the  insects  prefer  to  eat  the  spores 
of  one  fui^us  more  than  those  of  another.  The  intimate  relation 
existing  betweem  tree  crickets  and  the  canker  induced  by  Lepto- 
aphaeria  conwthyrium  is  the  result  of  certfun  concomitant  factors. 
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Id  the  light  of  the  data  here  presented  the  conclusions  of  cert^ 
other  writera  require  corroboration.  Because  certain  spores  pass 
through  the  digestive  tract  of  the  tree  cricket  uninjured  it  does  not 
necessarily  follow  that  all  kinds  of  spores  and  bacteria  will  do  so 
nor  does  it  follow  that  when  eaten  by  other  insects  these  same  or 
other  spores  will  not  be  injured.  In  each  instance  actual  experiments 
must  be  made  to  determine  these  facts.  Craighead  (S)  r^arda 
Leptoatylus  maada  as  being  of  assistance  in  destroying  the  chestnut 
blight  fungus  Endothia  parasitica  because  spores  of  the  fungus  eaten 
by  the  insect  failed  to  germinate  in  his  experiments.  However,  this 
subject  has  not  been  considered  in  all  of  its  phases.  It  would  be 
well  to  have  the  germination  tests  repeated.  That  tree  crickets, 
carry  the  chestnut  blight  is  not  on  record,  but  that  they  oviposit 
on  1^  chestnut  has  been  reported. 

In  conclusion,  the  writers  offer  the  suggestion  that  the  fungi  found 
in  the  "  fungus  gardens "  of  ants  ana  termites  and  on  the  food 
(Jromage)  of  the  ambrosia  beetles  occur  there  because  of  favorable 
conditions  for  their  development;  and  that  the  insects,  in  utilizing 
the  fungi  for  food,  unwittingly  disseminate  the  spores  with  their 
excrement. 
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CORK,  DROUTH  SPOT  AND  RELATED  DISEASES 
OF  THE  APPLE.* 


SUMMART. 

Two  little-known  apple  dise^s  are  found  in  the  Champlain 
valley.  These  ore  perhaps  only  different  types  of  the  same  disease, 
are  non-parasitic  in  nature,  and  are  apparently  closely  related  to 
the  well  known  fruit-pit  or  st^pen  disease.  The  names  cork  and 
drouth  spot  are  proposed  for  them.  Associated  with  the  drouth 
spot  are  abnormal  condition  of  the  twigs  and  folii^e;  it  is  proposed 
to  call  Ihesp  drouth  die-back,  and  drouth  rosette. 

Cork  is  also  found  in  Ontario  and  in  New  South  Wales.  It 
affects  chiefly  the  Fameuse  variety.  Apparently  the  drouth  spot 
has  occurred  in  Maine  and  Virginia;  and  a  closely  related  trouble 
occurs  in  ttie  Pacific  Northwest.  Rosette  has  been  reported  from 
Colorado,  California  and  Idaho;  and  hoth.  the  rosette  and  die-back 
from  the  irrigated  sections  of  Washington  and  Oregon.  In  the 
Champlain  valley  certain  orchards  and  even  individual  trees  are 
more  affected  than  others.  It  is  only  in  these  particular  cases 
that  the  diseases  assmne  economic  importance. 

Cork  is  evident  in  late  June  as  dead  brown  spots  beneath  flie 
sldn  of  the  ftmit  or  aroimd  the  core.  The  fruit  is  normal  externally. 
Later  the  fruit  becomes  distorted  and  knobby,  and  brown  corl^ 
areas  are  found  scattered  diroughout  the  flesh.  Drouth  spot  occurs 
in  eariy  June  and  fresh  stages  may  develop  throughout  the  summer 
if  die  weather  continues  dry.  Superficial  or  sunken,  irregular, 
dead,  brown  spots  show  in  the  skin  of  the  fruit,  and  dead  brown 
areas  may  occur  in  the  flesh  beneatii.  In  late  stages  the  apple 
becomes  cracked  and  deformed.  The  internal  spots  of  both  diseases 
are  in  close  proximity  to  branches  <^  the  vascular  system,  and 
superficial  drouth  s^ts  often  show  a  wavy  pattern  of  wrinkles 
apparenfly  maiking  the  subepidermal  vascular  network. 

Under  the  microscope  these  spots  show  cells  with  brown  amor- 
fiiovs  contents  shrunken  away  from  the  walls.  Sometimes  the 
cells  are  collapsed. 


*  A  reprint  of  Bulletin  No.  426,  October,  1916. 
[1561 


Diqilized  by  Google 


New  Yobk  Aoricultubal  Experiment  Station.  157 

Die-back  consists  in  ttie  deatti  of  a  portion  of  ttie  twig  from  Ibe 
tip  backward.  Beyond  Ifais  a  brown  discoloration  in  the  cambial 
t^ion  extends  back  into  healthy  wood.  The  dead  twig  may  be 
rei^ced  by  a  healthy  lateral  from  the  base;  but  often  there  is 
found  near  the  base  of  the  twig  a  rosette-like  cluster  of  dwarfed> 
lanceolate  leaves.  This  appearance  and  one  in  which  a  compact 
cluster  of  similarly  dwarfed  leaves  crowns  a  long,  bare  twig  have 
been  included  under  the  name  rosette. 

Field  observations  show  that  &ese  diseases  may  occur  on  the 
best  types  <^  soil  in  the  locality,  under  conditions  of  careful  culture, 
and  in  young  and  ngorous  trees.  In  certain  cases  a  shallow  soO 
seems  connected  wi&  &eir  development  They  may  appear, 
however,  on  deep  soils  of  good  physical  condition.  A  condition 
of  soO  conducive  to  poor  moisture  supply  seems  connected  with 
severe  outbreaks.  Drouth  accompanied  by  high,  dry  winds  seems 
to  bring  on  a  large  amount  of  drouth  spot  and  cork;  a  subsequent 
rainy  period,  as  in  1915,  causes  them  to  disappear.  In  a  rainy 
spring,  as  in  1916,  some  disease  occurs  in  trees  that  have  been 
previous  effected,  but  the  amount  is  inconsiderable  and  the  period 
<d  develoinnent  mudi  Shortened. 

The  initial  stage  of  die-back  is  found  on  ttie  season's  growttt 
in  midsummer.  The  following  sfning  this  die-back  and  the  ac- 
conqwnying  rosette  are  very  noticeable.  Dry  weadier  in  late 
summer  seems  directly  responsible  for  die-back  of  ttie  season's 
growth.  H  a  wet  summer  follows  a  dry  spring,  this  die-beck  1b 
practical^  absent,  and  there  is  evident  recovery  from  its  preliminary 
stages.  No  abnonnal  condition  of  the  roots  is  necessary  to  the 
occurrence  of  die-back  and  rosette. 

Since  these  diseases  may  appear,  to  a  limited  extent,  in  a  rainy 
season,  lack  of  soil  moisture  cannot  be  considered  Iheir  sole  cause. 
It  is,  however,  the  one  predisposing  factor.  Other  factors,  yet 
unknown,  may  be  operative. 

Assuming  that  an  insufficient  moisture  supply  to  the  fruit, 
acconpanied  by  great  transpiration,  may  bring  about  these  diseases, 
it  is  suggested  tiut  the  exact  method  of  their  occurrence  may  be 
tfann^  the  leaves  robbing  the  fruit  of  water.  Leaves  have  a 
higher  cell-sap  concentratioQ  than  green  fruits  and  can  remove 
water  from  the  fruits  by  the  process  of  osmosis.  Chandler  has 
affled  attentkBi  to  fliis  fact,  utd  demonstrated  it  with  detached 
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twigs  bearing  fruits  and  leaves.  Following  Chandler's  mettioa 
fruits  have  been  rapidly  wilted,  and  then,  by  placing  the  twigs  in 
water,  caused  to  regain  their  original  state  of  tui^or.  In  mai^ 
such  fruits  spots  resembling  those  of  drouth  spot,  and,  occasionally, 
those  of  cork,  were  produced. 

One  experiment  indicated  that  a  reduction  of  the  leaf  surface 
of  the  tree  during  the  critical  period  might  prevent  the  drouth  spot, 
but  this  is  not  suggested  as  a  practical  means  of  control. 

The  only  control  method  vbich  offers  promise  of  restdts  is  one 
looking  to  conservation  of  soil  moisture,  and  an  even  distribution 
<A  the  moisture  supply  throughout  the  season.  Clean  cultivatioD 
is  not  sufficient.  From  certain  suggestions  of  benefit  in  the  Cham- 
pUln  valley,  and  from  results  secured  in  the  Pacific  Northwest, 
clean  cultivation  followed  by  a  leguminous  cover  crop,  or  the 
planting  of  a  leguminous  crop  such  as  alfalfa  in  the  orchard,  seem 
methods  which  should  be  tried.  Certain  growers  in  the  Cbamplain 
valley  are  testing  them. 

INTRODUCTION. 

During  the  summer  seasons  of  the  years  1913-1916,  inclusive, 
the  writer  ha^  opportunity  to  observe  two  little-known  apple 
diseases.  The  observations  were  made  in  Clinton  County,'  New 
York,  in  the  apple-growing  section  of  the  Champlain  valley. 

These  two  diseases  are  believed  to  be  essentially  the  same,  and 
closely  related  to  the  common  apple  disease  known  as  fruit-pit, 
bitter-pit,  or  stippen.  They  have  been  called  cork  and  drouth  spot 
respectively.  Cork  is  a  name  which  has  been  applied  locally  for  a 
number  of  years;  drouth  spot  h^  been  selected  as  a  name  indicating 
the  probable  cause.  Two  disorders  of  the  twigs  and  foliage  associated 
with  the  droutii  spot  have  been  called  drouth  die-back  and  drouth 
rosette. 

VARIETIES  AFFECTED. 
Cork  affects  chiefiy  the  Fameuse  variety,  although  it  sometimes 
occurs  in  Northern  Spy,  and  has  been  found,  rarely,  in  Oldenburg 
and  Ben  Davis.  Drouth  spot  has  been  observed  by  the  writer  on 
the  following  varieties:  Mcintosh,  Northern  Spy,  Ben  Davis,  Esopus, 
Bellflower,  Maiden  Blush,  Wolf  River,  Wealthy,  Baldwin,  Jonathan 
and   two  unidentified   varieties.     The  only  variety  of  commercial 
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importance  in  the  Champkin  valley  not  included  in  the  above  list 
is  Rhode  Island.  The  disease  has  never  been  observed  on  Tolman, 
but  this  variety  is  less  extensively  grown. 

HISTORY  AND  DISTRIBUTION. 

Cork  has  apparently  been  known  locally  for  at  least  fifty  years. 
There  is,  however,  little  mention  of  it  in  literature,  at  least  in  a 
way  which  would  allow  it  to  be  distinguished  from  the  true  fruit-pit 
or  stippen.  Craig  (8)  notes  Fameuse  as  susceptible  to  stippen  or 
"  dry  rot,"  as  he  terms  it,  and  from  the  description  by  Selby  (21) 
of  specimens  of  Fameuse  which  he  had  received  from  Craig  it  is 
apparent  that  here  was  a  case  of  typical  cork.  Selby  (22),  in  a 
discussion  of  "  brown  spot "  or  "  dry  rot "  of  Baldwin,  mentions 
internal  spotting  as  occurring  without  external  ledons  in  the  varieties 
Fameuse  and  Northern  Spy.  Cobb  (7)  describes  an  "  otecure 
disease"  of  the  apple  occurring  in  New  South  Wales.  McAlpine 
(13)  states  that  he  visited  this  locality  in  the  season  of  1912  end 
found  the  same  disease  in  various  orchards.  It  was  confined  to 
the  variety  Pomme  de  Neige  (Fameuse).  The  same  author  (14) 
again  mentions  this  disease,  stating  that  it  is  a  type  of  bitter-pit 
occurring  when  the  apples  are  very  small,  the  irregular  knotty 
appearance  beii^  due  to  subsequent  growth.  His  figures,  as  well 
as  those  of  Cobb,  show  that  the  "  obscure  disease "  is  identical 
with  the  cork  of  Fameuse  as  found  in  the  Champlain  valley. 

Drouth  spot,  so  far  as  is  known  to  the  writer,  had  not  been 
mentioned  in  literature  prior  to  his  first  observations  in  Clinton 
county.  Specimens  were  submitted  in  1913  and  again  in  1914  to 
Dr.  Charles  Brooks,  of  the  Bureau  of  Plant  Industry,  and  in  1914 
Dr.  Brooks  visited  Clinton  county,  and  went  over  the  situation  with 
the  writer.  He  stated  tiiat  he  had  never  observed  the  trouble, 
although  he  had  seen  somewhat  similar  troubles  in  the  irrigated 
sections  of  the  Pacific  Northwest.  Dr.  W.  J.  Morse,  of  the  Maine 
Agricultural  Experiment  Station,  who  saw  specimens  of  the  disease 
in  July,  1914,  expressed  the  opinion  that  he  had  seen  apples  similarly 
affected  in  Maine.  Recently,  Reed  and  Crabill  (20)  have  described 
a  "  skin  crack  "  of  the  York  Imperial  in  Virginia.  The  writer  is 
convinced  that  this  was  a  case  of  drouth  spot  that  was  not  observed 
imtit  in  a  late  stage  ("  early  in  September  ").  It  is  mentioned  as 
prevalent  in  1914  and  as  having  been  noticed  previously  only  in 
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very  dry  seasona.  Brooks  and  Fisher  (3),  under  the  headisg  "  corky 
pit  or  drouth  spot,"  describe  an  apple  disease  occurring  in  the 
Northwest  which,  if  not  identical  with  the  drouth  spot,  is  at  least 
very  similar  to  it.  They  also  state:  "There  is  another  form  of 
corky  pit  that  occurs  on  shallow  soils  in  some  sections  of  the  East 
and  West.  It  is  common  where  there  is  a  hardpan  at  a  sUght  depth 
and  also  where  there  are  peculiar  soils  outcropping.  This  disease 
is  quite  generally  associated  with  rosette."  The  writer  believes  ■ 
that  the  trouble  occurring  in  Clinton  County  is  referred  to  in  the 
above  statement. 

Allen  (1),  in  a  report  on  the  study  of  the  root  condition  of  apple 
treesin  the  Hood  River  valley, makes  the  following  statement:  "Some 
trees  were  found  to  be  so  seriously  devitalized  by  drouth  and  stat^ 
vation  that  the  fruit  was  not  only  badly  pitted  but  hollow  in  places. 
On  such  trees  the  foliage  was  very  small;  a  large  portion  of  it  bad 
fallen;  and  the  ends  of  many  twigs  haxl  begun  to  die  back."  The 
illustration  of  a  pitted  apple  accompanying  this  article  is  more 
su^estive  of  certain  severe  types  of  drouth  spot  than  it  is  of  true 
fruit-pit  or  stippen.  Also,  it  seems  probable  that  the  die-back  here 
referred  to  may  be  the  drouth  die-bac^  occurring  in  the  East. 

Apple  tree  rosette  was  first  described  by  Paddock  (19)  from 
Colorado  in  1902.  Apparently,  the  saitte  trouble  had  been  noticed 
in  California  by  Loughridge  (12),  where  the  cause  assigned  was 
an  excess  of  alkali  in  the  soil.  Paddock  presented  evidence  against 
this  cause  and  ascribed  the  trouble  to  winter  injury.  Judson  (11) 
states  that,  ia  1903,  apple  rosette  occurred  in  several  parts  of  Idaho. 
It  failed  to  appear  on  whip  grafts  made  from  affected  trees.  Hender- 
son (10)  describes  the  same  trouble  in  Idaho  under  the  headii^ 
"  apple  twig  blight." 

Rosette  occurs  in  Washington  and  some  work  is  apparently  being 
done  on  the  problan,  for  Cardiff  (4)  reports  progress  up  to  1915  on 
"  winter  defecation  of  fruit  trees,"  or  rosette.  Photographs  of 
trees  affected  with  rosette  accompany  this  article.  The  trouble  is 
said  to  be  independent  of  an  excess  of  soil  alkah,  and  to  exist  only 
in  soils  in  which  the  humus  content  is  very  low.  It  ia  not  truis- 
mitted  by  grafting  from  diseased  onto  healthy  wood. 

Clawson  (3)  says:  "  Rosette  has  caused  a  great  loss  to  the 
orchardist  of  thia  [Wenatchee,  Washington]  as  well  as  other  districts 
of  the  Northwest." 
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Uofortunatdy,  from  the  little  that  has  been  published  regarding 
the  roeette  of  the  Pacific  Northwest  it  is  impossible  to  say  positively 
that  it  is  the  same  as  tiiat  occurring  in  association  with  the  drouth 
spot  of  the  Champlain  valley;  but  from  conversation  with  Dr. 
Charles  Brooks,  of  the  Bureau  of  Plant  Industry,  who  has  seen 
both  troubles,  and  from  the  examination  of  Cardiff's  figures,  and 
of  photographs  submitted  to  the  Deparbnent  of  Plant  Pathology 
at  Cornell  University  by  O.  M.  Morris,  Horticulturist  of  the  Wadi- 
ington  State  Experiment  Station,  the  writea*  believes  that  they  are 
identical. 

How  long  the  drouth  spot  has  been  known  in  the  Champlain 
valley  is  uncertain.  In  1913  two  growers  stated  that  they  had 
observed  a  few  apples  affected  with  the  disease  about  six  years 
before  and  at  various  times'  since.  A  third  grower  stated  that  the 
trouble  bad  occurred  in  his  orchard  several  years  previously  and 
that  at  the  same  time  the  trees  were  badly  affected  with  "  tip  blight." 
This  may  have  been  the  drouth  die-back  to  be  described  later. 

The  drouth  spot  occurred  to  a  very  slight  extent  in  1913,  was 
prevalent  throughout  the  season  of  1914,  and  in  1915  was  abundant 
early  but  disappeared  after  the  beginning  of  the  rainy  period  in 
July  and  August.  In  1916,  which  was  a  very  rainy  season,  the 
disease  was  much  less  prevalent.  It  occurred  to  a  limited  extent 
ID  one  orchid,  and  in  a  few  trees  in  other  orchards.  In  all  these 
cases  the  trees  had  been  badly  diseased  in  the  past.  The  greater 
part  of  the  trees  wiucb  had  borne  diseased  fruit  in  past  years  were 
entirely  free  from  the  disease  in  1916. 

ECONOMIC  IMPORTANCE. 
Whetho-  it  drops  from  the  tree,  as  in  drouth  spot  occurring  early, 
or  peraiBts  and  becomes  deformed,  as  in  cork  and  late  appearing 
drouth  spot,  an  affected  fruit  becomes  a  total  loss.  Cork  usually 
takes  the  whole  crop  of  affected  trees  or  of  individual  branches 
year  f^ter  year.  In  some  cases,  in  favorable  years,  it  has  been 
known  to  affect  the  entire  Fameuse  crop  of  some  orchards.  Drouth 
spot  may  involve  only  a  few  fruifa  on  an  affected  tree,  or  may,  in 
scnne  cases,  ruin  its  entire  crop.  In  one  orchard,  in  1914,  it  was 
estimated  that  the  loss  from  drouth  spot  was  two  hundred  barrels. 
Eleven  hundred  were  actually  harvested.  This,  however,  is  wctreme. 
11 
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At  present,  these  diseases  canuot  be  said  to  be  of  great  economic 
importance.  They  have  been  serious  in  comparatively  few  orchards. 
The  apple-growing  area  in  the  Champlain  valley  is  somewhat 
restricted  at  present,  but  is  gradually  being  extended.  With  the 
growth  of  the  industry  in  that  locality  these  diseases  may  assume 
considerable  importance. 

SYMPTOMS. 

PRmT-PIT,   BITTEE-PIT  OR  STIFFEN. 

The  fruit-pit  of  apples  is  described  by  Brooks  (2)  as  follows: 
"  In  the  early  stages  of  fruit-pit  one  finds  numerous  sunken  areas 
from  two  to  six  millimeters  in  diameter  on  the  surface  of  the  apple. 
These  depressions  are  somewhat  hemispherical  in  shape  and  have 
the  appearance  of  bruises.  At  this  stage  the  spots  are  not  brown 
and  often  show  no  diSerence  in  color  from  the  surrounding  surface 
of  the  apple.  They  may  be  a  deeper  red  than  the  adjacent  tissue 
when  occurring  on  the  colored  portion  of  the  apple  and  a  darker 
green  when  on  the  lighter  parts.  Later  they  begin  to  take  on  a 
brown  tint,  but  at  first  this  seems  to  show  through  from  rather 
deeply  seated  tissue  and  not  to  arise  from  any  discoloration  of  the 
epidermal  or  immediately  underlying  cells.  Sections  of  such  spots 
show  that  this  is  the  case,  and  that  the  browning  and  ahrinldQg 
of  the  cells  occur  in  the  pulp  of  the  fruit  and  in  the  tissue  that  is 
transitional  between  it  and  the  hypodermal  parenchyma.  Later 
the  surface  cells  also  become  dark  brown.  The  epidermis  may  be 
smooth  and  apparently  imbroken  in  both  early  and  late  stages. 
-As  the  disease  advances  spots  situated  near  each  other  often  become 
confluent,  developing  into  one  lai^  spot.  In  all  such  cases  examined 
it  was  found  that  the  original  spots  were  closely  connected  with 
one  vascular  brandi.  The  writer  has  been  unable  to  detect  a  bitter 
taste  in  the  browned  tissue  of  the  fruit  pits. 

"  IrUemal  browning  of  tissue.  The  surface  spotting  is  often 
accompanied  by  browning  of  the  tissue  immediately  surrounding 
the  vascular  bundles.  Upon  cutting  such  an  apple  one  sees  nmnerous 
apparently  isolated  brown  spots.  Further  study  shows  tiiat  these 
are  not  isolated  but  are  in  reality  continuous  strands  of  brown 
tissue  surrounding  the  vascular  bundles.  The  portion  of  the  vascular 
Efystem  that  is  most  commonly  affected  is  that  lying  within  fifteen 
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miUimetera  of  the  surface  of  the  apple.  The  surface  spots  often 
occur  without  the  internal  browning  and  also  the  internal  browning 
may  occur  unaccompanied  by  any  surface  derangement." 

CORE. ' 

Cork  is  most  commonly  observed  when  the  apple  is  in  a  state 
anywhere  from  half  grown  to  nearly  mature.  It  may  be  briefly 
characterized  as  internal  browning  described  by  Brooks  in  the 
preceding  paragraph,  without  external  pits,  but  with  the  surface 
of  the  apple  thrown  into  a  series  of  elevations  and  depressions.  A 
large  number  of  brown  corky  areas  occur  throughout  the  flesh, 
following  closely  the  course  of  the  vascular  bundles.  In  no  case 
do  these  extend  outward  as  far  as  the  skin,  consequently  there 
are  none  of  the  external  brown  pits  characteristic  of  true  fruit-pit 
or  stippen.  A  further  difference  from  the  usual  type  of  fruit-pit 
is  that  the  spots  are  not  more  abundant  in  the  peripheral  zone, 
but  are  scattered  throughout  the  flesh  of  the  fruit.  There  is  no 
bitter  tast«  connected  with  this  disease  in  Fameuse  apples. 

In  the  earliest  observed  stage  of  the  disease,  when  the  fruits 
are  about  two  centimeters  in  transverse  diameter,  there  is  no  external 
evidence  of  an  abnormal  condition.  The  shape  of  the  fruit  and 
the  color  and  appearance  of  the  skin  are  normal.  Upon  cutting 
open  the  fruits,  comparatively  large,  brown,  corky  areas  are  seen 
at  various  places  in  the  flesh.*  These  are  often  near  the  periphery 
directly  opposite  one  of  the  main  vasculars  (Plate  XVIII,  Sg.  1);  or 
they  may  be,  in  some  cases,  arranged  irregularly  within  the  core  lines 
around  the  core.  Sometimes,  in  the  earliest  stage  of  the  disease, 
the  internal  brown  spots  are  surrounded  by  a  green  water-soaked 
area  suggestive  of  the  well  known  water-core  disease.  This  area 
may  even  show  through  the  skin  of  the  fruit  aa  a  darker  green 

*  lliere  has  been,  locally,  some  confusion  betweeo  cork  and  the  injury  caiued  by 
the  i^iple  maggot,  or  railroad  worm  (RhagoUtUi  pomoneUa  Walsh.).  This  confiunoD 
w  the  more  excusable  since,  next  to  Tolman,  Fameuse  is  tiie  variety  most  attacked 
i^  thn  apple  maggot.  There  (iiould,  however,  be  no  difficulty  in  distJnguishiog 
betweoi  ibe  two.  Apple  maggot  injury  is  first  observed  in  July.  The  apple  is 
snootli  externally.  Often  a  small,  dark  colored  spot  shows  in  the  skin  around  the 
egg  puncture.  When  cut  acroes,  the  Beeb  is  seen  to  be  travraved  by  irregular, 
ytUoti-heowa  streaks  which  have  a  water-aoakGd  appearanca  In  cork,  the  spots 
an  more  regular,  definitely  outlined,  and  dry  and  spongy.  In  late  stages  of  apple 
maggot  injury  the  whole  apple  beoomes  honeycombed  with  the  feeding  tunnels  of 
the  maggots  aod  tiie  fieeh  is  reduced  to  a  brown,  spongy  mass  hdd  tt^eths  by  the 
ddn  of  Ote  fruit.  A  corky  apple  nevar  reaches  this  state  of  dinntegration.  Ite 
fleth  temaina  firm. 
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water-Boaked  spot.    This  appearance  is  not,  however,  chamcteriatic 
of  the  disease  and  is  tM>t  found  in  later  stages. 

drouth  spot. 

The  lesions  of  drouth  spot  may  be  divided  into  two  general  types, 
— superficial  and  deep  seated.  They  also  vary  somewhat  according 
to  the  age  and  size  of  the  fruit  when  aSected,  and  the  age  of  the 
lesion. 

Superficial  lemon. — In  this  case  an  early  stage  of  the  disease 
is  manifested  by  an  irregular,  light-brown  area  in  the  skin.  When 
the  fruits  affected  are  large,  two  or  three  centimeters  in  transverse 
diameter,  the  surface  of  the  fruit  is  usually  smooth  and  regular, 
there  is  no  shrinkage  or  sinking  in,  nor  any  abnormality  in  the 
flesh  beneath.  On  large  fruits,  also,  the  lesion  occurs  often  on  the 
cheek  of  the  fruit  and  is  not  more  common  toward  the  calyx  end. 
When  the  fruits  are  smaller,  and  sometimes  on  larger  fruits,  the 
spots  show  an  irregular,  wavy  pattern,  formed  by  a  series  of  wrinkles 
or  corrugations,  the  elevations  and  depressions  of  which  are,  however, 
very  small,  and  it  is  rare  that  there  is  any  abnormality  in  the  flesh 
of  the  apple.  It  is  as  though  the  browned  areas  marked  the  course 
of  the  fine  network  of  vascular  endings  situated  just  beneath  the 
skin  of  the  fruit.  [See  McAlpine  (13)  and  Brooks  (2)].  This  idea 
receives  confirmation  from  a  study  of  cross  sections  through  such 
lesions  placed  under  the  micrt^cope.  (See  page  168.)  On  young 
fruits,  also,  the  disease  occurs  normally  toward  the  calyx  end  of 
the  fruit,  often  as  a  broad  collar  of  diseased  tissue  just  below  the 
base  of  the  calyx  lobes.  Plate  XIX,  fig.  1,  shows  supwficial  lesions 
on  young  fruits. 

When  the  spot  first  appears  tiny  drops  of  a  clear  or  yellowish 
gummy  exudate  may  occur  on  its  surface.  Under  the  microscope 
this  exudate  shows  as  a  clear  gum.  No  organism  is  found  associated 
with  it.  It  is  considered  to  be  merely  an  expression  of  cell  sap 
from  the  diseased  hypodermal  cells. 

Most  of  the  fruits  affected  when  young  drop  from  the  tree. 
Some  of  them  (and  this  is  the  rule  with  fruits  which  have  grown 
lai^e  before  becoming  diseased)  persist,  and  as  they  grow  the 
affected  area  becomes  roughened  and  cracked.  Often  deep  seated 
cracks  are  formed.  This,  of  course,  is  not  essentially  different  from 
the  cracking  which  occurs  whenever  a  portion  of  the  skin  of  the 
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fruit  is  killed  through  any  cause  (as,  for  instance,  a  severe  attack 
of  apple  scab)  and  the  fruit  makes  subsequent  growth. 

Deep-aeated  leaitm. — This  type  of  lesion  is  characterized  by  the 
presence  M  brown,  corky  areas  in  the  fieah  of  the  apple  and  by  a 
sinking  in  of  portions  of  the  epidermis.  On  young  fruits,  from  one 
to  two  or  two  and  one-half  centimeters  in  transverse  diameter,  the 
disease  appears  as  a  large  brownish  area  in  the  skin  of  the  fruit, 
usually  near  the  blossom  end,  which  is  irregularly  sunken  and 
wrinkled,  indicating  shrinkage  of  the  tissues  beneath.  Cross  sections 
show  brown  areas  in  the  flesh  near  the  periphery.  These  are  opposite 
the  mtun  vasculsrs,  and  often  in  the  center  of  one  of  them  there  ia 
a  large  cavity,  the  apex  of  which  reaches  one  of  these  vessels. 
(Occasionally,  apples  are  found  in  which  there  is  one  of  these  corky 
areas  or  cavities  opposite  each  of  the  ten  main  vaaculars.)  These 
internal  spots  are  often  connected  by  a  narrow  brown  streak  running 
close  to  the  periphery  of  the  apple.  Sometimes  these  streaks  do 
Dot  connect,  but  extend  only  a  short  distance  in  either  direction 
from  the  central  spot.  The  shrinkage  of  the  skin  over  a  considerable 
area,  and  the  presence  of  these  brown  corky  spots  and  streaks  in 
the  periphery  suggest  the  type  of  fruit-pit  described  by  McAlpine 
(13)  as  "  confluent  bitter  pit  "  or  "  crinkle."  •  Plate  XIX,  fig.  2 
shows  in  surface  view  and  Plate  XX,  ^.  1  in  cross  section,  deep-  - 
seated  lesions  as  occurring  on  young  fruits. 

The  above  type  of  lesion  was  very  common  on  the  smaller  fruits 
in  the  spring  of  1915,  almost  to  the  exclusion  of  any  other  type. 

On  lai^er  apples,  three  centimeters  or  more  in  diametra,  the 
deep-seated  lesions,  if  occurring,  are  smaller  in  extent,  and  appear 
as  brown  or  purple  sunken  spots  with  brown,  corky  tissue  beneath. 
Most  common  on  these  larger  fruits  is  the  superficial  spot  described 
above.  Plate  XX,  fig.  2  shows  some  types  of  spots  occurring  on 
large  fruits,  also  ^e  cracking  of  the  skin  due  to  subsequent  growth. 

it "  is  fts  foUows; 

le  spple  IB  ttirown 

into  nry  im^lv  folds  and  prMniueat  ridges There  may  be  only  a 

di^t  imgukn^  toward  one  ride  of  the  eroira,  or  it  may  aometimee  b«  dendy  aunkea 

but  still  flrm eometitiies  the  irr^fulari^  may  extend  toward  tbe  base 

wben  a  Mction  is  made  through  (he  crinkled  portion,  then  the  appearance 

<rf  the  disease  ia  very  ehoracteristic.  The  gTe«Q  akin  ia  quite  intact,  but  immediat^y 
b«iMatli  It  tb«e  is  a  more  or  ten  interrupted  ring  ot  brown  tjasue,  with  large  oavilua 
ban  and  there  owing  to  the  rupture  of  the  tissue.  When  a  longitudinal  section  la 
made  It  m^  be  eonmied  to  the  crown  end,  or  it  may  extend  almost  to  the  stalk." 
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Variation  of  Usiom. — Peculiar  variatioiiB  from  the  above-described 
appearances  sometimes  occur.  Such  are:  (1)  Small  red  pits  near 
the  calyx  end  of  the  fruit,  found  on  the  Bellflower  variety;  (2) 
raised  red  blisters  or  pimples,  occasionally  appearing  on  Fameuse. 

There  is  no  bitter  taste,  such  as  has  been  ascribed  to  fruit-pit, 
in  an  apple  affected  with  drouth  spot;  but  it  is  insipid,  and  distinctly 
lacking  in  acidity.  This  may  be  noticed  even  in  very  young  green 
apples,  and  sometimes  in  healthy  fruits  growing  on  diseased  trees. 

DIB-BACK    AND   SOSETTB. 

On  April  28,  1914,  in  orchard  No.  1  (in  the  section  where  the 
drouth  spot  had  occurred  the  previous  summer),  a  few  trees  were 
noticed  with  twigs  which  were  not  putting  out  foliage.  It  was 
believed  at  the  time  that  the  ends  of  these  twigs  had  winterkilled 
and  no  attention  was  paid  to  them  beyond  preserving  material  for 
microscopic  examination.  Aa  will  become  evident  later,  this  was, 
no  doubt,  die-back  originating  the  previous  summer.  Some  of  these 
twigs  died  back  during  the  summer  of  1914.  Others  remained 
alive,  but  made  no  growth,  their  upper  buds  continuing  dormant 
throughout  the  summer.  Some  of  the  lower  buds  on  these  twigs 
developed  clusters  of  very  small,  lanceolate  leaves  with  shortened 
*  petioles.  In  some  cases  the  twigs  made  a  very  short  terminal 
growth,  resulting  in  a  thickened,  shortened  axis  an  inch  or  so  long, 
bearing  a  cluster  of  leaves,  some  normal  and  some  short  lanceolate, 
the  general  effect  being  that  of  a  long  bare  tw^  capped  by  a  rosette 
of  leaves.  This  last-mentioned  appearance  was  pronounced  by 
Dr.  Charles  Brooks  to  be  very  similar  to  the  so-called  rosette 
occurring  in  the  irrigated  orchards  of  the  Pacific  Northwest. 

Paddock  (19)  describes  apple-tree  rosette  as  follows:  "Some  of  the 
trees  are  dying,  while  there  are  a  number  of  dead  limbs  on  others, 
but  the  characteristic  feature  of  the  disease  is  a  tuft  or  rosette  of 
small  leaves  at  the  end  of  branches  that  are  otherwise  nearly  bare 
of  foliage."  In  this  paper  the  name  drouth  rosette  is  applied  to 
the  above-described  appearance  and  also  to  the  one  in  which  a 
cluster  of  small,  lanceolate  leaves  is  found  at  the  base  of  a  twig 
otherwise  bare. 

About  August  15,  1914,  a  die-back  of  the  tip  of  the  season's 
growth  was  observed  in  a  large  number  of  trees  in  this  orchard. 


ilized  by  Google 


New  York  Agbicdltural  Experiuent  Station,         167 

In  these  twigs  a  brown  discoloration  was  evident  in  tbe  cambial 
r^oD.  This  discoloration,  in  many  cases,  extended  beyond  the 
season's  growth,  back  into  the  one-year,  two-year,  and  even  three- 
year  wood. 

There  appeared  to  be  several  degrees  of  severity  of  this  injury: 
(a)  The  tw^  and  terminal  leaves  of  the  season's  growth  became 
browned,  curled  over  more  or  less,  and  died  back,  sometimes^ 
throughout  its  whole  length  but  often  only  partially.  Below  the 
dead  part  the  only  evident  injury  was  a  browning  of  the  cambial 
re^on,  ruoning  down  the  twig  as  stated  above;  (b)  the  season's 
growth  appeared  normal  or  nearly  so,  but  cambial  discoloration 
was  evident  for  an  inch  or  so  back  from  the  tip,  and  just  below  the 
lateral  buds;  (c)  no  die-back  or  cambial  discoloration  occurred, 
but  there  was  a  premature  ripening  of  the  foli^e,  especially  the 
terminal  leaves.  These  leaves  were  mottled  with  pale  yellow  green 
and  darker  green  or  brown.  There  was  a  deep  red-brown  to  purple 
discoloration  along  the  veins  and  sometimes  over  part  of  the  leaf 
surface,  spreading  from  the  tip  back  over  half  or  more  of  the  leaf, 
or  spreading  from  the  edge  i  f  the  leaf  over  part  of  its  surface. 
From  a  distance,  the  foliage  of  the  tree  appeared  pale  yellow-green.* 

The  appearance  of  one  of  these  die-back  shoots  the  following 
summer  was  that  of  a  completely  dead  tip  from  six  inches  to  a  foot 
long,  often  with  a  distinct  marginal  crack  between  it  and  the  living 
part  below.  From  some  point  back  of  this  tip  a  healthy  lateral 
developed  to  renew  the  branch. 

Bdow  the  dead  portion  of  the  twig  the  bark  and  cambium  were 
healthy  and  the  discolored  zone  of  the  previous  fall  was  found 
beneath  a  layer  of  new  xylem.  The  upper  buds  on  this  portion 
of  the  branch  remained  dormant,  the  lower  ones  sometimes  developed 
clusters  of  dwarfed  linear  lanceolate  leaves.  The  healthy  lateral 
might  arise  either  from  above  or  below  the  limit  of  the  interior 
discoloration..  Plates  XXV  and  XXVI  show  types  of  these  die-back 
twigs,  both  with  and  without  the  dwarfed  lanceolate  leaves  at  the 
base.  Plate  XXVIII  shows  trees  from  orchard  No.  1  exhibiting  the 
die-back  and  rosette. 


*  Thia  abnormal  appearance  of  the  leaves  may  be  noticed  quite  early  in  the  seuon 
as  a  mottling  of  deep  green  and  pale  green.  Unless,  however,  coQdJtionB  are  favwnble 
for  di»-back,   it  does  not  develop  into  the  eoDditJon  ot  prematura  ripenMi  h«re 
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UDder  the  microscope  the  internal  brown  spots  of  cork  appear  aa 
aggregations  of  cells  with  brown  shrunken  contenta.  A  number  of 
the  cells,  though  not  all,  are  shrunken  and  collapsed.  Around  the 
corky  portion  the  healthy  cortex  cells  form  a  laddeivlike  arrangement 
of  smaller,  more  nearly  rectangular  cells.  It  is  as  tJiough  they 
had  been  stimulated  to  rapid  division  in  response  to  the  decreased 
pressure  from  the  direction  of  the  diseased  area.  (See  Plate  XXII, 
fig.  1.)  Outside  of  this  zone  the  pulp  cells  are  aormal  in  oze  and 
form.  The  close  relation  of  the  dead  spots  to  the  vascular  system 
is  very  evident  under  the  microscope, 

OEOUTH  SPOT. 

Superficial  lesion  with  smooth  surface.— la  this  type  of  spot  the 
disease  shows  merely  as  a  browning  beneath  the  epidermis  —  an 
irregular  light  brown  blotch  on  the  skin.  On  cutting  the  fruit 
across  it  is  found  that  the  flesh  is  normal,  the  trouble  is  only  "  skin 
deep."  Microscopically,  sections  of  the  diseased  spots  show  that 
the  trouble  is  confined  to  two  or  three  layers  of  the  hypodennat 
parenchyma,  usually  the  inner  layers,  though  sometimes  the  entire 
hypodermis  is  affected  apd  a  few  dead  cells  are  also  foimd  in  the 
flesh.  The  diseased  cells  retain  their  normal  outline,  but  their  con- 
tents have  become  brown  and  amorphous.     (See  Plate  XXII,  fig.  2.) 

Such  a  spot  may  be  said  to  be  an  early  stage  of  the  disease.  The 
injury  has  occurred  very  recently  and  the  fruit  has  made  no 
appreciable  growth  since.  Somewhat  later,  as  the  skin  of  the  fruit 
becomes  rougheoed  and  cracked,  there  will  be  noticed,  under  the 
microscope,  an  abnormal  tissue  forming  beneath  the  dead  cell  layers. 
The  cortex  cells  immediately  beneath  have  become  nearly  or  quite 
rectangular  in  outline  and  are  apparently  dividing  in  a  plane  parallel 
with  the  surface  of  the  fruit.  This  seems  to  be  preliminary  to  the 
formation  of  a  cork  layer  between  the  dead  and  the  healthy  tissue. 
The  outermost  layer  or  two  of  this  new  tissue  have  suberized  cell 
walls,  a  fact  determined  by  testing  with  chlor-iodid  of  zinc  and 
with  ohlorophyl  solution.     (See  Plate  XXIII,  fig.  2.) 

Superficial  fcstOTis  showing  wrinkles. — This  type  of  lesion  is  one 
entirely  amilar  to  the  above  except  that  there  appears  a  definite 
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wavy  pattern  formed  by  a  series  of  small  wrinkles  in  the  Bkin. 
Microscopically,  sections  through  these  spots  show  a  series  of  slight 
ridges  and  hollows  in  the  outline  of  the  circumference  of  the  fruit. 
There  is  a  characteristic  arrangement  of  dead  cell  areas  with  regard 
to  these.  In  a  "  ridge  "  the  dead  cells  may  not  occur,  or  if  they  do, 
they  are  moeUy  confined  to  one  or  two  layers  of  the  hypoderm^ 
parenchyma,  the  dead  areas  being  noticeably  thinner  than  in  the 
"  hoUow." 

In  the  hollows  the  browned  area  is  thick,  involving  often  all 
of  the  hypodermis  and  extending  like  a  wedge  into  the  flesh  beneath. 
The  apex  of  this  wedge-shaped  area  is  invariably  in  close  proximity 
to  one  of  liie  finer  vascular  bundles.     (See  Plate  XXIV,  fig.  1.) 

Small  pits,  noted  especially  on  the  vanety  Bellfiower. — Sections 
through  these  pits  allow  the  hypodermal  parenchyma  browned 
throughout,  a  brown  discoloration  in  the  epidermal  cells  (the  pit 
is  reddish  when  viewed  externally),  and  a  wedge-shaped  area  in 
which  some  of  the  cortex  cells  are  brown  and  collapsed.  Around 
this  wet^e-shaped  area  the  healthy  pulp  cells  have  hegaa  to  divide 
in  the  manner  described  above  under  "  Cork."  There  is  often  s 
"  collection  "  of  vascular  branches  near  the  apex  of  this  wedge  of 
diseased  cells.  This,  it  will  be  seen,  is  very  similar  to  the  lesion 
of  fmit-pit  or  stippen.  It  should  be  remembered,  however,  that 
these  spots  were  observed  in  June  when  the  fruits  were  very  small. 
Fruit-pit  does  not  occur  until  the  fruit  is  in  a  late  stage  of 
development. 

Raised  testoTia  or  pimples,  noted  eepecially  on  Fameuse  apples. — 
Sections  through  these  lesions  show  dead  cell  layers  in  the  hypodermal 
parenchyma,  and,  beneath,  a  large  amount  of  the  tissue  which  u 
preliminary  to  cork  formation.  The  occurrence  of  this  tissue  is 
apparently  responsible  for  the  raising  of  the  lesion.  The  outermost 
layo-  or  two  of  this  tissue,  next  to  the  dead  cell  layers,  ^ve  the 
reaction  for  suberized  cell  walls.  In  many  sections  the  relation  of 
these  pimples  to  the  vascular  branches  in  the  cortex  was  very 
apparent. 

Deep-secUed  lesions. — In  this  type  of  the  injury  the  dead  cells 
occur  it)  the  flesh  of  the  fruit  near  the  periphery  and  wedge-«haped 
areas  may  be  observed  extending  in  toward  the  vascular  bundles. 
Plate  XXIV,  fig.  2  shows  a  cross  section  of  one  of  these  deep-seated 
spots  in  which  the  tissue  affected  is  that  which  is  transitional  between 
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the  hypodermal  parenchyma  and  the  cortex.    Strips  of  dead  tissue 
are  seen  extending  toward  the  vascular  endings. 

DIE-BACK. 

Croae  and  longitudinal  sectiooB  of  die-back  twigs  made  the  second 
season  so  that  the  discolored  zone  is  buried  by  a  layer  of  new  xylem, 
show,  when  placed  under  the  microscope,  that  this  zone  consists 
of  a  tissue  called  by  Sorauer  (23)  "  Parenchymholz."  This 
"  Pareachymholz  "  or  parenchyma  wood  is  a  tissue  in  which  no 
normal  wood  fibers  and  vessels  are  recognizable.  It  consists  of 
irregular  but  nearly  isodiametric  cells,  with  comparatively  thin 
pitted  walls  and  lai^e  lumina.  The  cells  themselves  appear  healthy 
and  contain  lai^  quantities  of  starch.  The  brown  color  of  the 
parenchyma  zone  is  due  to  a  brown  intercellular  substance,  the 
nature  of  which  is  not  known.  It  has  been  suggested  by  the  writer 
(18)  that  it  may  consist  of  the  brown  amorphous  reomants  of  dead 
cells  lying  pressed  between  the  healthy  cells  of  parenchyma  wood, 
but  it  may  result  from  the  degeneration  of  the  primary  wall  of 
parenchyma-wood  cells. 

The  early  stages  of  this  parenchyma-wood  formation  may  be 
observed  in  sections  made  of  die-back  twigs  of  the  current  season's 
growth.  Such  a  twig  usually  shows  entirely  dead  tissue  near  its 
tip  and  a  discoloration  in  the  cambial  area  running  back  for  a 
variable  distance.  Under  the  microscope  this  discolored  zone  shows, 
if  the  sections  are  taken  near  the  tip,  a  lai^  number  of  cells  with 
browned  contents  in  the  cambium,  phloem  and  pericycle.  If  sections 
are  made  from  parts  of  the  twig  a  short  distance  below,  it  will  be 
seen  that  growth  has  been  made  subsequent  to  the  injury.  The 
injured  cambium  has  produced  a  quantity  of  the  so  called  paren- 
chyma wood,  the  browned  cells  of  the  phloem  and  pericycle  being 
pushed  outward.  Finally,  the  parenchyma  zone  becomes  buried 
by  a  layer  of  new  xylem,  outside  of  which  are  found  normal  bark 
and  cambium.     (See  Plate  XXVII,  fig.  2.) 

SEASONAL  HISTORY. 

DROUTH    SPOT. 

The  Opinion  of  Mr.  J.  M.  Stevens,  who  had  noticed  the  disease 
for  five  or  six  years  in  his  orchard  at  Orwell,  Vermont,  was,  as 
ex[»e8Bed  by  him  in  1913,  that  its  earliest  appearance  each  year 
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was  about  the  first  of  July.  As  the  disease  had  never  been  serious 
in  his  orchard  it  is  possible  that  in  these  years  the  earliest  appearance 
bad  been  overlooked. 

In  1913  diseased  fruits  were  first  observed  on  June  24,  at  Peru, 
N.  Y.  This  date  was  about  five  weeks  after  the  blossoms  had 
fallen.  It  is  probable  tiiat  these  fruits  would  have  been  found 
somewhat  earlier  if  search  had  been  made.  The  disease  was  observed 
by  Mr.  Stevens  in  his  orchard  at  Orwell  on  June  10. 

In  1914  the  disease  was  first  observed  on  June  11,  when  the  young 
fruits  were  about  one  and  one-half  centimeters  in  transverse  diameter. 
This  was  only  about  twelve  days  after  the  blossoms  had  fallen. 

In  1915  the  disease  appeared  on  June  11,  a  little  over  two  weeks 
after  the  blossoms  had  fallen. 

In  1916  the  date  was  June  8,  about  ten  days  after  the  blossoms 
had  fallen.  The  fruits  were,  on  the  average,  slightly  smaller  than 
any  in  which  the  disease  bad  been  observed  in  past  seasons, 
many  of  them  being  only  about  one  centimeter  in  transverse 
diameter. 

The  later  seasonal  history  seems  to  be  largely  influenced  by 
weather  conditions.  The  apples  affected  early  soon  drop,  but  if 
the  season  continues  dry,  as  in  1914,  fresh  spots  continue  to  appear 
on  the  larger  fruits,  having  been  observed  as  late  as  the  middle  of 
August.  The  fruite  affected  later  rem^n  on  the  tree  and  become 
cracked  and  deformed.  If  wet  weather  succeeds  the  first  appearance 
of  the  disease,  as  in  1915,  the  symptoms  tend  to  disappear,  and 
newly  formed  spots  are  not  in  evidence  much  later  than  the  be^oning 
of  the  rainy  period.  If  the  early  part  of  the  season  is  rainy,  as  in 
1916,  the  disease  does  not  occur  to  any  considerable  extent,  and 
quickly  disappears. 

COBE. 

Cork  appears  sli^tly  later  than  the  drouth  spot,  June  19  being 
the  date  it  was  first  observed  in  1914  and  1915.  In  1916  it  seemed 
to  be  later  than  usual,  not  being  found  until  June  30.  When  first 
observed  there  are  usually  not  so  many  internal  spots  in  any  one 
fruit  as  later  appear.  The  spots  increase  in  number  during  the  two 
or  three  weeks  following.  According  to  the  writer's  observation 
all  apples  which  show  cork  when  mature  can  be  recognized  as 
"  corky  "  when  half  grown.    Whether  the  disease  can  pr<^es8  or 
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originate  in  storage,  as  true  fruit-pit  is  said  to  do,  cannot  be  stated. 
The  writer  has  never  been  in  the  locality  at  a  proper  time  to  observe 
this. 

ORCHARD  OBSERVATIONS. 
In  reporting  observations  on  these  diseases  made  during  the 
seasons  of  1913  to  1916,  the  various  orchards  in  question  will,  for 
convenience,  be  distinguished  by  number;  but  in  anticipation  of 
the  desire  of  some  later  worker  to  identify  them,  the  following  list, 
including  owner's  name  and  locality,  is  given. 

Orchard  No.  1,  owned  by  the  Northern  Orchard  Co.,  Peru,  N 
Y.,  J.  M.  Stevens,  Manager. 

Orchard  No.  2,  owned  by  Peter  McGee,  Peru,  N.  Y. 

Orchard  No.  3,  owned  by  the  Champlain  Valley  Orchard  Co, 
Peru,  N.  Y. 

Orchard  No.  4,  owned  by  Victor  Weaver,  Morrisonville,  N.  Y. 

Orchard  No.  6,  owned  by  S.  H.  Clark  and  Son,  Peru,  N.  Y. 

Orchard  No.  6,  owned  by  H.  T.  Kellogg,  Valcour,  N.  Y. 

Orchard  No,  7,  owned  by  H.  L.  Scribner,  Plattsbui^,  N.  Y. 

Orchard  No.  7a,  owned  by  H.  L.  Scribner,  Plattsburg,  N,  Y. 

Orchard  No.  8,  owned  by  H.  E.  Heyworth,  Peru,  N.  Y. 

Orchard  No.  9,  owned  by  Peter  Crilley,  Peru,  N.  Y. 

Orchard  No.  10,  owned  by  J.  W,  Harkness,  Harkness,  N.  Y. 

Orchard  No.  11,  owned  by  G.  A.  Mason,  Pctu,  N.  Y. 

DROUTH   SPOT. 

Orchard  No.  1. — ^Thig  is  an  orchard  of  4000  trees,  3600  of  which 
are  of  the  Mcintosh  variety.  The  soil  is  described  in  the  soil 
survey  of  Clinton  County  (17)  as  the  Dover  fine  sandy  loam,  and 
characterissed  as  a  mellow,  rather  fertile  soil,  bearing  limestone 
fragments;  one  of  the  best  types  of  soil  for  general  farming  in  the 
County.  The  subsoil  is,  except  for  some  variation  in  color,  identical 
with  the  surface  soil.  Borings  made  in  this  orchard  to  the  depth 
of  dx  feet  indicate  nothing  in  the  nature  of  a  hard  pan,  nor  any 
marked  change  in  soil  character.  This  type  of  soil  is,  in  general, 
naturally  well  drained.  The  trees  were  seven  years  old  in  1914, 
when  the  first  serious  outbreak  of  the  disease  occurred,  and  were 
exceptionally  well  grown  and  vigorous,  with  heavy  foliage.  The 
met^d  of  culture  followed  in  tiiia  orchard  from  the  time  of  planting 
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up  to  and  including  1914  was  to  keep  a  space  cultivated  next  to  the 
tree  rows,  and  to  crop  the  rest  of  the  ground  by  a  three-year  rotation 
of  potatoea,  oat«  and  clover. 

In  1913  the  disease  appeared  on  Mcintosh  fruits  in  a  few  trees 
in  the  northeast  comer  of  the  orchard.  This  part  of  the  orchard 
was  in  oats.  While  at  first  appearing  on  only  a  few  fruits  the 
amount  of  disease  gradually  increased  until  it  afifected  nearly  all 
of  the  apples  on  each  tree.  The  loss  in  this  season,  however,  was 
va7  sli^t.  The  only  other  observation  of  the  disease  in  1913 
was  of  a  few  affected  apples  on  one  tree  in  orchard  No.  7.  This 
tree  stood  in  cultivated  ground. 

In  1914  the  disease  appeared  on  a  few  trees  in  the  part  of  the 
orchard  where  it  was  found  the  previous  year,  and  was  at  first 
confined  to  that  part  of  the  orchard.  This  section  of  the  orchard 
was  in  clover  in  the  early  part  of  1914,  being  plowed  in  July. 

The  disease  was  first  observed  on  June  11;  on  June  18  it  was 
found  to  have  increased  in  the  area  where  it  was  originally  found 
and  was  also  noticed  in  other  sections  of  the  orchard.  The  earlier 
affected  fruits  were  dropping.  This  drop  continued  later,  and  is 
characteristic  of  the  disease  on  fruits  affected  when  very  small. 

On  June  24  the  disease  was  observed  to  be  more  or  less  prevalent 
throughout  the  orchard  on  scattering  trees,  often  one  tree  being 
affected  while  the  next  neighboring  tree  remained  free  from  the 
disease.  This  is  characterisUc  of  the  trouble.  The  disease  on  this 
date  appeaf^  to  be  nearly  as  prevalent  in  the  cultivated  parte 
of  the  orchard  as  in  the  sod  parte.  When  first  observed  the  disease 
was  confined  to  a  few  apples  on  each  tree,  but  by  this  time  nearly 
every  apple  on  each  affected  tree  had  become  diseased.  An  estimate 
of  the  probable  loss  on  this  date  was  25  per  ct.  of  the  crop  of  the 
orchard. 

On  July  3  the  disease  was  observed  to  be  still  increasing.  It 
now  appeared  on  larger  apples,  most  of  the  fruite  affected  earlier 
having  dropped.  It  was  not,  however,  apparent  that  the  number  of 
trees  bearing  diseased  fruit  had  increased.  The  disease  could  not 
be  said  to  be  "  spreading "  as  a  pareatic  disease  is  understood 
to  do. 

On  July  20  the  disease  was  observed  to  be  still  increasing,  early 
stages  (superficial  type  of  lesion)  being  found  on  fruite  4  to  5 
centimeters  in  diameter.    These  early  stages  continued  to  be  in 
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evidence  as  late  as  August  10.  Apples  affected  as  late  Id  the 
Beason  as  this  did  not  drop  as  the  fruits  affected  earlier  did,  but 
hung  to  the  tree  and  became  cracked  and  deformed. 

While  the  disease  occurred  to  some  extent  in  practically  every 
part  of  the  orchard  in  this  season,  four  separate  areas  could  be 
distinguished  in  which  it  was  much  more  prevalent  than  elsewhere. 
These  will  be  called  sections  1,  2,  3  and  4.  Section  1,  where  the 
disease  was  first  observed,  was,  as  stated  above,  in  clover  in  1914; 
section  2  was  in  oat^;  section  3,  which  was  the  most  badly  diseased 
part  of  the  orchard,  and  in  which  a  large  amount  of  the  summer 
die-back  occurred  in  1914,  was  in  a  neglected  condition.  It  was 
intended  to  cultivate  this  part  of  the  orehard,  but  the  soil  became 
so  hard  and  dry  that  plowing  was  considered  impossible.  It  was, 
therefore,  left  untouched  throughout  the  season.  Section  4,  in 
which  the  disease  occurred  to  a  less  extent  than  in  the  other  three, 
was  planted  to  potatoes,  and  benefited  by  their  cultivation. 

In  1915  the  disease  was  first  observed  in  this  orchard  on  June 
11.  At  this  date  affected  fruits  were  found  in  about  twenty  trees, 
in  the  parts  of  the  orchard  where  it  had  been  most  prevalent  the 
preceding  year,  and  only  in  trees  which  showed  the  rosette  and 
die-back  injuries. 

By  June  22  the  disease  had  increased.  It  was  now  found  to  occur 
on  trees  whose  foliage  was  nearly  normal.  However,  it  was  possible 
to  find  a  Uttle  die-back  in  every  affected  tree. 

In  this  and  in  other  orchards  in  1915,  the  spots  on  the  smaller 
fruits  were  more  deeply  sunken  than  in  other  seasons,  and  showed 
internally  brown,  corky  areas  and  cavities  extending  in  to  the  mtun 
vascular  branches.  In  other  words,  the  disease  at  this  time  appeared 
more  su^estive  of  the  "confluent  bitter  pit"  or  "crinkle"  described 
by  McAlpine  than  at  any  other  period  while  the  disease  was  under 
observation.  Plate  XIX,  fig.  2  and  Plate  XX,  fig.  1  are  photographs 
of  diseased  fruits  from  this  orchard  made  in  June,  1915. 

On  larger  fruits  the  lesions  became  more  nearly  the  superficial 
type  of  lesion  described  above.  There  was,  however,  comparatively 
little  of  this  type  in  1915,  since  the  disease  did  not  develop  fresh 
stages  later  than  July  1,  when  the  spring  drouth  was  broken.  The 
rest  of  the  season  was  very  rainy  and  drouth  spot  was  not  in  evidence. 

Beginning  with  1915  a  new  plan  of  culture  was  adopted  in  this 
orchard,  viz.,  to  grow  a  crop  of  potatoes  one  year  and  to  practise 
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clean  cultivation  followed  by  a,  cover  crop  the  succeeding  year. 
One-half  of  the  orchard  was  to  be  planted  to  potatoes  and  the  other 
half  cultivated  each  year.  Of  the  diseased  areas  mentioned  above, 
sections  1  and  2  were  in  the  part  of  the  orchard  which  was  planted 
to  potatoes  in  1915;  sections  3  and  4  in  the  cultivated  part.  There 
was  less  disease  in  sections  3  and  4  than  in  sections  1  and  2,  but 
the  crop  was  extremely  light  in  the  former  areas,  so  that  this  fact 
is  not  especially  significant. 

In  1916  the  disease  was  first  found  in  this  orchard  on  June  8, 
showing  then  as  a  superficial  spot.  It  was  at  first  found  on  a 
single  tree,  standing  in  section  1,  where  the  disease  had  always 
been  prevalent.  This  tree  and  the  neighboring  trees  had  suffered 
severely  from  rosette  and  die-back.  There  was,  however,  nothing  to 
distinguish  it  from  the  surrounding  trees.  A  large  proportion  of 
its  fruit  was  affected  while  none  of  the  nearby  trees  bore  diseased 
&uit.  Further  search  resulted  in  finding  two  more  trees  in  this 
section  of  the  orchard,  but  somewhat  removed  from  each  other, 
bearing  a  large  number  of  fruits  showing  the  drouth  spot.  No 
diseased  fruits  were  found  on  the  surrounding  trees.  Search  was 
made  in  the  other  parts  of  the  orchard,  especially  where  it  had 
appeared  in  1916,  but  the  drouth  spot  was  not  found. 

This  section  of  the  orchard  had  not  been  carefully  cultivated 
up  to  this  date,  but  the  spring  had  been  very  rainy,  and  it  hardly 
seemed  possible  that  the  trees  could  be  suffering  from  lack  of 
moisture. 

On  June  9  ^ght  trees  were  found  showing  the  drouth  spot  and  on 
June  10  the  number  was  increased  to  twelve.  All  of  these  trees 
showed  die-back  and  all  stood  in  the  "  sick  "  part  of  the  orchard. 
Some  of  these  trees  bore  a  lai^e  number  of  diseased  fruits;  on  some 
only  a  few  fruits  were  affected.  Many  trees  showing  die-back 
bore  good  crops  of  healthy  fruits.  This  had  never  been  observed 
in  previous  seasons. 

On  June  15,  1913,  oae  week  after  the  disease  first  appeared, 
careful  search  resulted  in  finding  it  evident  to  some  extent  in  all 
parts  of  the  orchard.  In  all,  about  thirty  trees  were  found  showing 
the  drouth  spot.  The  amount  varied  from  a  few  apples  on  a  tree 
to  about  two-thirds  of  the  crop.  All  of  these  trees,  without  excep- 
tion, ^owed  die-back  injury  dating  from  the  summer  of  1914. 
M(n«  of  these  trees  were  in  section  1  of  the  orchard  than  in  any 
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other.  There  seemed  some  indication  in  favor  of  the  cover-crop 
treatment,  as  in  parte  of  the  orchard  which  bore  cover  crops  only 
one  tree  was  found  showing  the  disease.  This  was  in  a  section 
where  t^e  cover-orop  was  spotted,  and  may  have  been  in  a  Ught 
spot. 

On  June  20  the  situation  in  this  orchard  did  not  seem  greatly 
changed,  but  it  appeared  that  the  disease  was  not  increasing  so 
fast  as  it  had  been.  Most  of  the  diseased  fruits  appeared  to  have 
been  affected  for  several  days,  had  stopped  n^id  growth,  were 
sli^tly  shrunken  in  the  r^on  of  the  leaiona,  and  in  a  few  cases 
showed  dead  tissue  extending  into  the  flesh.  Such  fruits,  when  cut 
across,  showed  dead  brown  areas  and,  occasionally,  cavities  running 
into  the  flesh  toward  some  of  the  main  vascular  branches,  as  waa 
observed  in  1915.  A  number  of  fruits  were  found  on  which  the 
spots  appeared  recent,  but  the  disease  had  apparently  increased 
much  less  during  the  period  from  June  15  to  20  than  it  did  from 
June  8  to  15.  On  the  latter  date  search  was  made  in  section  3 
of  the  orchard  where  the  vetch-and-buckwheat  cover-crop  was 
turned  under  in  the  spring  and  the  disease  was  found  on  one  tree 
in  the  extreme  edge  of  the  plat.  This  section  was  badly  diseased  in 
1914.  The  soil  at  that  time  was  in  poor  physical  condition.  It 
had  become  too  hard  to  cultivate  and  was  left  untou''hed.  (In 
1915  this  section  was  carefully  cultivated  and  sowed  with  a  vetch- 
and-buckwheat  cover  crop.) 

On  June  27  the  distribution  of  the  disease  in  this  orchard  was 
much  the  same  as  on  Jime  20.  It  had  not  appeared  on  any  trees 
that  were  not  aSected  on  the  earlier  date.  It  still  appeared  only 
on  trees  showii^  the  die-back  or  die-back  and  rosette  injuries. 
It  was  still  possible  to  flnd  a  niuuber  of  fruits  showing  early  stages 
of  the  disease,  some,  even,  with  exudate,  but  the  disease  was  not 
increasing  to  any  appreciable  extent.  The  siwts  were  still  superflci^ 
in  the  early  stage,  showing  corrugation  very  markedly.  Old  spots 
usually  showed  internal  brown  corky  areas,  as  mentioned  above; 
but.no  severe  sunken  lesions,  auch  as  occurred  in  1915,  could  be 
found.  A  number  of  the  earUer  affected  fruits  had  dropped.  Some 
still  persisted  and  were  beginning  to  show  surface  roug^mess  and 
cracks. 

On  July  12  the  increase  of  the  disease  was  apparently  past, 
there  being  practically  no  fresh  stages.    In  fact,  the  loss  in  this 
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aeasoQ  neariy  all  occurred  durii^  the  first  two  weeka  after  the 
appearaoce  of  the  disease. 

Ordtard  No.  S. — ^This  is  a  small  orchard  of  mixed  varieties, 
principally  Fameuse,  Mcintosh  and  Northern  Spy,  on  tJie  farm 
adjoining  that  of  orchard  No.  1.  The  soil  on  the  two  farms  is  the 
same.  The  orchard  was  carefully  cultivated  during  the  early  part 
(rf  1914,  and  sowed  to  buckwheat  early  in  July.  The  ta-ees  were 
about  twenty  years  old  in  1914. 

The  disease  was  observed  on  July  3  on  Northern  Spy  apples, 
and  a  few  days  later  on  Mcintosh.  Several  Northern  Spy  trees 
bore  affected  fruit,  but  only  two  Mcintosh.  Many  of  the  Northern 
Spy  trees  were  suffering  from  winter-killing  of  the  roots,  which  had 
occurred  the  preceding  wint^.  None  of  the  Mclotoah  were  so 
affected.  Affected  fruits  could,  no  doubt,  have  been  observed  at 
an  earlier  date  had  a  visit  to  the  orchard  been  made.  The  progress 
of  the  disease  in  this  season  was  identical  with  that  described  for 
orchard  No.  1. 

In  1915  the  disease  was  found  in  this  orchard  on  June  16,  in  a 
few  Fameuse  trees.  These  trees  were  suffering  from  rosette  and 
die-back.  The  Fameuse  fruits  affected  showed  both  the  external 
drouth  spots  and  the  internal  spots  of  cork.  Many  of  them  showed 
genuine  cork,  with  no  external  abnormality. 

On  June  22  more  Fameuse  trees  were  found  showing  the  drouth 
spot  and  cork.  The  Mcintosh  trees  which  bore  diseased  fruit  in 
1914  and  which  were  also  affected  with  die-back,  showed  the  drouth 
spot.  The  Northern  Spy  trees  which  showed  the  drouth  spot  in 
1914  were  badly  affected  with  die-back  but  did  not  bear  fruit  in 
1915. 

As  in  orchard  No.  1,  the  drouth  spot  did  not  develop  later  than 
about  July  1.  Most  serious  in  this  orchard  in  1915  was  cork, 
spearing  alone  and  also  in  association  with  the  drouth  spot.  The 
orchard  was  ia  clover  in  1915  and  the  crop  cut  for  bay. 

In  1916  a  crop  of  clover  hay  was  again  raised  in  this  orchard. 
Ail  of  the  trees  bore,  including  the  Northern  Spys.  Neither  drouth 
^wt  nor  cork  appeared  during  the  sefison.     The  crop  was  healthy. 

It  dioold  be  stated  that  during  these  three  years  both  the  drouth 
^>ot  and  cork  appeared  in  a  certain  restricted  area  in  this  orchard. 
This  area  is  slightly  higher  than  other  parts  of  the  orchard,  and, 
according  to  the  owner's  statement,  its  soil  is  drier. 
12 
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Orchard  No.  S. — This  is  a  small  orchard  of  two  varieties,  Fameuse 
and  Mcintosh,  the  Fameuse  being  about  twenty  years  old,  the 
Mcintosh  about  ten.  It  occupies  one  side  and  the  bottom  of  a 
small  creek  guUy,  sloping  to  the  southeast.  One  comer  of  the 
orchard  occupies  the  highest  part  of  the  ridge  of  the  slope.  In  1914 
this  area  was  sowed  to  oats  and  the  part  lying  lower  was  carefully 
cultivated.  The  soil  is  described  in  the  Clinton  County  survey 
as  the  Dover  gravdly  fine  sandy  loam,  not  greatly  different  from 
the  Dover  fine  sandy  loam.  It  is  a  soil  found  occupying  small 
ridges  and  slopes  through  the  uplands.  It  is  stated  that  on  account 
of  the  loose,  porous  nature  of  the  subsoil,  crops  sometimes  suffer 
from  lack  of  moisture  during  periods  of  dry  weather.  This  statement 
is  not  made  regarding  the  Dover  fine  sandy  loam. 

The  disease  was  first  noticed  in  this  orchard  on  July  8,  1914, 
but  was  probably  evident  before  that  date.  Every  Fameuse  tree 
in  the  higher  part  of  the  orchard  bore  diseased  fruit  and  nearly 
every  fruit  on  affected  trees  became  diseased.  None  of  the  Fameuse 
nor  Mcintosh  in  the  lower  lying  part  of  the  orchard  showed  the 
disease.  (There  are  no  Mcintosh  trees  in  the  higher  part.)  The 
diseased  Fameuse  fruita  showed  both  the  external  and  internal 
lesions  characteristic  of  drouth  spot  and  also  the  internal  lesions 
characteristic  of  cork. 

In  1915  the  whole  of  this  orchard  was  kept  under  careful  culti- 
vation. The  disease  was  observed  here  on  approximately  the  same 
date  as  in  orchard  No.  1.  A  description  of  its  occurrence  in  1915 
would  be  repetition  of  the  statement  just  made  regarding  conditions 
in  1914. 

There  was  no  drouth  spot  in  this  orchard  in  1916,  but  some  cork 
occurred  as  mentioned  later. 

Orchard  No.  4- — This  is  a  mixed  orchard  of  Mcintosh,  Northern 
Spy  and  Fameuse.  The  trees  were  about  fifteen  years  old  in  1914, 
and  were  well  grown,  with  heavy  green  foliage.  The  soil  is  the 
Dover  fine  sandy  loam.  Careful  cultivation  is  practised  in  this 
orchard  every  year. 

In  1914  the  disease  was  first  observed  on  June  22.  On  this  date 
numerous  diseased  fruits  were  found  on  one  Mcintosh  tree  in  a 
corner  of  the  orchard.  By  July  7  the  disease  involved  about  two- 
thirds  of  the  crop  of  this  tree,  most  of  the  affected  apples  being  found 
on  the  lower  limbs.    A  few  diseased  fruits  were  found  on  the  next 
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tree,  also  a  Mcintosh.  The  disease  was  not  found  on  other  Mcintosh 
trees  nor  on  Fameuse,  but  occurred  on  two  Northern  Spy  trees 
in  the  row  next  to  the  one  containing  the  affected  Mcintosh  trees. 

In  1915  the  disease  was  observed  in  this  orchard  on  June  19. 
It  occurred  on  the  two  Mcintosh  trees  which  bore  affected  fruit  in 
1914  and  also  on  one  Mcintosh  tree  in  another  part  of  the  orchard. 
This  tree  was  not  diseased  in  1914.  The  Northern  Spy  trees  on 
which  the  disease  was  found  in  1914  were  affected  with  die-back 
of  the  previous  summer's  origin,  and  rosette,  but  did  not  bear  fruit 
in  1915. 

Search  was  made  for  drouth  spot  in  this  orchard  on  June  21, 
1916.  Two-thirds  of  the  apples  on  the  one  Mcintosh  tree  where 
the  disease  was  first  found  in  1914  were  affected  on  this  date.  The 
disease  was  not  found  on  either  of  the  other  two  Mcintosh  trees  ' 
which  had  borne  diseased  fruit  in  the  past.  It  is  to  be  noted  that 
the  Mcintosh  tree  in  question  is  the  one  which  has  each  year  been 
most  seriously  affected,  both  with  drouth  spot  and  with  die-back 
and  rosette.  The  set  of  fruit  on  this  tree  was  poor  as  compared 
with  other  Mcintosh  trees  in  the  same  orchard,  although  it  had 
blossomed  fully  as  well.  One  of  the  Northern  Spy  trees,  showing 
more  die-back  than  the  other,  bore  a  very  few  diseased  fruits. 

Contrary  to  the  usual  practise  this  orchard  was  not  cultivated 
in  1916  but  was  left  to  grow  up  to  quack  grass  and  weeds. 

Orchard  No.  S. — This  is  a  lai^  orchard  of  several  varieties: 
Mcintosh,  Fameuse,  Northern  Spy,  Ben  Davis,  Baldwin.  The  soil 
is  described  in  the  Clinton  County  survey  as  the  Coloma  fine  sandy 
loam,  a  soil  differing  from  the  Dover  fine  sandy  loam  chiefiy  in 
ibe  absence  of  limestone  fragments  and  in  a  generally  lower  agri- 
cultural value.  The  crops  on  this  farm  are,  nevertheless,  usually 
good.  The  orchard  is  well  cultivated  each  year  and  a  cover  crop 
sowed  in  July.    The  trees  are  about  twenty  years  old. 

The  disease  was  observed  in  this  orchard  on  July  6,  1914.  A 
large  number  of  Mcintosh  and  a  few  Fameuse  and  Ben  Davis  trees 
were  found  bearing  affected  fruits.  Later,  the  (Usease  was  found 
very  prevalent  on  Northern  Spy.  The  diseased  Fameuse  fruits, 
as  in  other  cases,  showed  both  drouth  spot  and  cork  ledons,  and 
there  were,  in  addition,  several  Fameuse  trees  which  bore  full  crops 
of  fruit  affected  with  genuine  cork,  no  external  spots  being  evident. 
The  disease  was  largely  confined  to  one  section  of  the  orchard, 
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but  Qo  difference  in  Boit  or  treatment  between  this  and  other  sections 
could  be  observed. 

In  1915  drouth  spot  was  found  in  two  or  three  Mcintosh  trees 
in  this  orchard  on  June  18.  These  trees  also  showed  the  die-back 
and  rosette  injuriea.  Many  of  the  Mcintosh  trees  which  were 
affected  the  previous  year  did  not  bear.  The  Northern  Spy  trees 
which  bore  diseased  fruit  in  1914  were  observed  to  be  affected 
with  die-back.  They  did  not  bear  in  1915.  There  was  some  drouth 
spot  on  Ben  Davis,  and  also  a  tittle  cork  on  Fameuse,  but  as  the 
Fameuse  crop^was  very  light,  most  of  the  trees  not  bearing,  these 
observations  are  of  no  particular  value. 

There  was  very  little  drouth-  spot  and  no  cork  in  this  orchard 
in  1916.  One  Ben  Davis  tree  in  tbe  affected  section  of  the  orchard 
showed  a  type  of  the  disease  which  seemed  transitional  between 
drouth  spot  and  cork.  A  number  of  nearby  Ben  Davie  trees  which 
had  been  badly  diseased  with  drouth  spot  in  the  past  two  years, 
and  which  showed  the  foliage  abnonnalities,  bore  large  crops  of 
healthy  fruit  in  1916. 

One  fact  without  satisfactory  explanation  is  the  occurrence  in 
1916  of  typical  drouth  spot  in  three  Baldwin  trees  in  this  orchard 
These  trees  had  never,  to  the  writer's  knowledge,  exhibited  the 
disease.  They  did  not  bear  in  1915  and  were  either  healthy  or 
escaped  the  writer's  attention  in  1914.  That  the  latter  may  be  the 
explanation  is  probable,  since  they  were  badly  affected  with  die- 
back.     These  trees  stood  in  a  remote  corner  of  the  orchard. 

The  Northern  Spy  trees  which  were  badly  diseased  in  1914,  and 
in  which  the  die-back  occurring  that  year  was  still  evident,  bore 
a  large  crop  in  1916,  but  no  fruit  affected  with  drouth  spot  could 
be  found. 

Orchard  No.  6. — ^This  is  a  mixed  orchard  of  old  trees,  60  to  75 
yeai's  old,  Fameuse  being  the  variety  most  represented.  The  soil 
is  described  in  the  Clinton  County  survey  as  the  Dover  loam,  a 
soil  recognized  as  the  strongest  in  the  county.  The  land  slopes 
to  the  east  toward  Lake  Champlain,  has  good  surface  drainage,  but 
is  not  underdrained,  though  apparently  needing  such  treatment.  It 
is  usually  wet  late  in  the  spring.  In  1914  the  orchard  was  plowed 
early  and  left  for  some  time  before  harrowing.  It  was  later  harrowed 
at  considerable  intetrals  and  in  such  a  way  that  the  soil  was  in 
bad,  lumpy  condition  between  harrowings.'    This  bad  condition  was 
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evident  at  the  time  of  tlie  first  obaervatioD  of  drouth  spot  and  cork 
in  this  orchard. 

The  disease  was  first  observed  on  June  24.  Varieties  affected  were 
Fameuse,  Beilflower  and  Oldenburg.  On  July  8  it  was  estimated 
that  75  per  ct.  of  the  Fameuse  fruits  in  this  orchard  were  diseased. 
As  in  the  case  of  the  Fameuse  in  orchard  No.  3,  all  of  these  diseased 
fruits  showed  the  internal  spots  characteristic  of  cork,  often  with 
no  accmnpanying  external  lesions  though  many  of  them  also  showed 
the  external  drouth  spots.  There  was  practically  an  entire  crop 
loss  from  these  Fameuse  trees  when  picking  time  arrived. 

In  1915  specimens  of  drouth  spot  were  found  on  one  Fameuse 
and  one  Oldenburg  tree  on  June  16.  Some  of  the  other  Fameuse 
trees  showed  a  Uttle  die-back  and  rosette,  but  their  fruit  was  normal 
at  tiiis  date.  Subsequently,  cork  developed  in  these  Fameuse, 
involving  practically  the  whole  crop  of  the  orchard.  The  orchard 
was  cultivated  early  and  sowed  to  oats. 

In  1916  neither  drouth  spot  nor  cork  occurred.  This  is  remark* 
able  in  view  of  the  widespread  occxurence  of  cork  in  the  previous 
years.  The  orchard  was  in  clover  in  1916,  which,  in  connection 
with  the  rainy  season,  undoubtedly  caused  better  soil  moisture 
conations  than  in  1914,  when  the  soil  was  in  hard,  lumpy  condition, 
or  in  1915  when  a  crop  of  oats  competed  with  the  trees  during  a 
very  dry  spring. 

Orchard  No.  7. — This  is  a  large  orchard  of  Mcintosh,  Wealthy, 
Northern  Spy,  Fameuse  and  other  varieties.  The  trees  are  about 
twenty-five  years  old  and  in  good  condition.  The  soil  is  the  Dover 
fine  sandy  loam.  Cultivation  is  practised  next  to  the  trees,  a  strip 
of  sod  being  left  in  the  center  of  the  row.  The  drouth  spot  appeared 
in  one  Mcintosh  tree  in  1913,  and  took  the  whole  crop  of  several 
Mcintosh  trees  in  1914.  In  1915,  on  June  28,  one  tree  which  bore 
affected  fruit  the  previous  year  was  found  showing  the  disease. 
This  tree  and  several  others  which  bore  diseased  fruit  the  previous 
year  showed  the  die-back  and  rosette  injiuies  (of  the  previous 
summer's  occurrence).  No  additional  cases  of  the  disease  in  Mcin- 
tosh fruits  were  found;  nor  did  any  of  the  Wealthy  trees  in  the 
orchard  show  the  disease. 

In  contrast  to  the  above,  in  an  orchard  across  the  highway, 
(HXthard  No.  7a,  a  large  number  of  Wealthy  and  Fameuse  trees 
ixwe  diseased  fruit  in  1915.    The  Wealthy  trees,  in  particular,  had 
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an  over-load  of  emaW  fruit  and  every  apple  became  affected  with 
droutb  spot.  Several  of  the  Fameuse  trees  had  borne  corky  fruit 
the  year  before.  No  die-back  or  rosette  was  found  in  these  trees. 
This  orchard  was  cultivated,  but  very  poorly.  The  soil  was  in  a 
hard,  lumpy  condition  at  the  time  the  disease  was  first  observed, 
and  for  some  time  before.  The  soil  type  in  the  two  orchards  is  the 
same. 

No  drouth  spot  occurred  in  either  orchard.  No.  7  or  No.  7a,  in 
1916.  Cork,  however,  was  present  to  some  extent,  as  mentioned 
later. 

OrchoTd  No.  8. — This  is  a  small  orchard  of  Mcintosh,  about 
eighteen  years  old.  The  soil  is,  again,  the  Dover  fine  sandy  loam. 
The  orchard  is  in  sod,  and  usually  bears  a  heavy  crop  of  hay.  The 
drouth  spot  had  never  appeared  here  until  1915,  when  it  took  a 
lai^  porUon  of  the  crop.  There  was  no  die-back  or  rosette  injury. 
There  was  no  disease  in  this  orchard  in  1916. 

Orchard  No.  9. — This  is  an  old  orchard  of  several  varieties 
including  a  row  of'  half  a  dozen  Mcintosh  and  three  Fameuse  along 
one  side  next  to  the  highway.  The  trees  are  about  twenty  years 
old.  The  soil  is  the  Dover  loam.  The  orchard  is  in  sod  and 
generally  neglected  as  to  pruning  and  spraying.  The  soil  moisture 
conditions  in  this  orchard  do  not  appear  good.  Even  in  a  season 
of  abundant  rain  the  soil  becomes  dry  and  hf^d.  Borings  in  this 
soil  to  a  depth  of  four  feet  did  not  reveal  a  hard  pan.  ^ 

The  drouth  spot  took  nearly  the  whole  crop  of  the  Mcintosh 
trees  in  1914,  and  in  1915  was  equally  severe,  except  that  some 
fruits  escaped,  due  to  the  general  failure  of  the  disease  to  develop 
after  July  1.  Die-back  and  rosette  developed  in  these  trees  following 
the  Bummer  of  1914.  In  the  spring  of  1916  they  were  in  worse 
condition  from  these  foliage  abnormalities  than  any  other  trees 
found.  One  or  two  appeared  in  almost  a  dying  condition.  Die- 
back  and  rosette  were  also  very  severe  in  the  Fameuse  trees.  This 
was  extraordinary,  since  few  Fameuse  trees  in  other  orchards  have 
been  observed  showii^  them,  and  then  only  to  a  very  shght  extent. 

In  1916  this  orchard  was  one  of  the  few  in  which  drouth  spot 
occurred.  It  was  found  in  four  of  the  diseased  Mcintosh  trees. 
It  did  not,  however,  involve  the  whole  crop  of  these  trees.  In  no 
case  was  more  than  one-half  of  the  fruit  affected.  The  crop  on 
these  trees  was  light.    One  Mcintosh  tree,  which  seemed  in  a  better 


ogle 


New  Yohk  Aqhicultdral  Experiment  Station.         183 

condition  than  the  otheis,  showing  less  of  the  die-back  and  rosette, 
bore  a  lai^e  crop  of  healthy  fruit.  Cork  occurred  in  the  Fameuse 
trees,  as  mentioned  later. 

Other  orchards.~la  addition  to  the  orchards  described  above, 
drouth  spot  has  been  found  in  several  others  at  different  times. 
Some  of  these  cases  will  be  mentioned  briefly. 

In  1915,  in  particular,  the  diBea,se  was  observed  in  several  orchards 
in  which  it  had  not  appeared  in  either  of  the  two  preceding  years. 
The  case  of  orchard  No.  8  has  been  discussed  above.  Notable 
was  the  occurrence,  this  year,  of  the  drouth  spot  in  three  trees  in 
an  orchard  where  the  soil  was  rich,  mellow,  and  in  the  best  possible 
tilth.  In  no  instance  where  the  disease  occurred  in  1915  for  the 
first  time  was  there  any  of  the  die-back  or  rosette. 

In  the  years  1914  and  1915  the  drouth  spot  was  found  occiuring 
in  an  orchard  at  Gordon's  Landing,  Vermont.  The  soil  here  is 
heavier  than  in  CUnton  County,  N.  Y.,  and  shallow,  being  underlaid 
by  limestone  which  comes  to  the  surface  in  many  places.  This 
orchard  was  not  visited  in  1916. 

In  the  same  seasons  drouth  spot  occurred  in  a  few  Mcintosh 
trees  in  a  young  orchard  near  Crown  Point,  N.  Y,  These  trees 
stood  in  very  shallow  soil,  with  rock  close  to  the  surface  and 
outcropping  nearby.  In  1916  there  were  a  very  few  diseased  fruits 
on  these  trees,  the  great  part  of  their  crop  being  healthy.  In  this 
season  drouth  spot  was  also  found  on  another  Mcintosh  tree  which 
stood  on  a  ridge  of  land  in  this  orchard.  This  tree  and  other 
nearby  trees  appeared  in  a  very  much  weakened  condition,  the 
cause  of  which  was  not  ascertained. 

An  orchard  in  which  the  disease  has  been  severe  is  that  owned 
by  Mr.  J.  M.  Stevens  at  Orwell,  Vermont.  The  writer,  did  not 
visit  this  orchard  except  in  1916.  The  observations  here  reported 
were  made  by  Mr.  Stevens,  but  as  he  is  manager  of  orchard  No.  1, 
and  has  watched  the  disease  closely  in  both  orchards,  they  should 
be  accepted  as  reliable. 

There  was  a  condderable  amount  of  the  drouth  spot  in  this 
orchard  in  1914.  It  seemed  to  be  confined  to  the  drier  parts  of 
the  orchard.    Die-back  occurred  on  a  few  trees. 

In  1915,  under  comparatively  clean  culture,  the  disease  was  quite 
prevalent  in  the  "  shaly  "  parts  of  the  orchard.  The  soil  here  ia 
a  clay  loam  in  which  shale  fragments  are  abundant.    It  is  underlaid 
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by  shale,  and  in  many  places  is  shallow.  In  a  small  block  of  trees 
where  the  soil  is  the  same,  but  where  a  crop  of  sweet  clover  was 
grown,  cut  and  left  bb  a  mulch,  the  disease  did  not  develop.  The 
clean-cultivated  parts  of  the  orchard  were  seeded  to  alfalfa  in 
August.  In  1916  very  Uttle  disease  developed.  It  occurred  to  a 
very  sUght  extent  on  six  trees. 

Part  of  this  orchard  stands  on  a  deepCT  soil  of  heavy  clay  loam, 
not  canying  shale  fragments.  Only  tliree  trees  in  this  part  have 
shown  the  disease.  They  were  badly  diseased  in  1914.  They  then 
stood  in  poorly  drained  places  where,  during  the  spring  drouth,  the 
soil  was  lumpy  and  hard.  These  places  were  tiled,  and  in  1915  there 
was  much  lees  disease  on  the  trees.  In  1916  a  few  diseased  fruits 
were  found  on  one  of  them. 

CORK. 

True  cork  as  distinguiehed  from  drouth  spot  was  quite  prevalent 
in  Clinton  County  in  1914.  Its  occurrence  where  the  internal  lesions 
were  associated  with  the  external  drouth  spots  has  been  mentioned 
above.  The  following  observations  are  on  the  disease  as  it  usually 
appears;  viz.,  as  an  internal  spotting  with  the  outer  surface  of  the 
fruit  smooth  in  the  early  stage,  but  later  becoming  lumpy  and 
knotty  due  to  uneven  growth  of  the  tissues. 

The  disease  was  first  observed  on  June  24,  in  orchard  No.  6,  as 
mentioned  above.  At  this  time  the  fruits  were  from  about  one 
and  a  half  to  two  centimeters  in  diameter.* 

In  most  of  the  orchards  studied  the  disease  appeared  on  trees 
which  could  in  no  way  be  distinguished  as  to  growth,  vigor,  or 
favorable  location  from  neighboring  trees  that  were  free  from  the 
disease.  Usually,  the  entire  crop  of  a  particular  tree  was  corky. 
Sometimes  the  entire  crop  of  certain  branches  was  affected,  the 
apples  on  other  branches  of  the  tree  remaining  normeJ.  The  owners 
of  the  various  orchards  under  observation  stated  that  certain  trees, 
and  even  certain  branches  of  some  trees,  were  particularly  susceptible 
to  cork;  also,  that  these  trees  always  bore  corky  fruit  if  any  in  the 
orchard  did. 

Nothing  very  definite  as  to  the  moisture  relations  in  most  of 
these  orchards  could  be  learned.     In  several  well  cultivated  orchards 


*  MoAJpioe  (13)  etatoi  that  the  aviieet  stAge  of  the  diasMe  oboerved  by  him  in 
New  Souui  Walea  maa  oa  NovMuber  30,  wheo  the  fniits  woe  "  about  the  sue  of  a 

Diqilized  by  Google 


New  Yobk  Agbicultubal  ExnuRiUEtiT  Station.         185 

there  were  very  few  trees  bearing  corky  apples,  and  in  a  few  there 
were  aoDe.  One  sod  orchard,  No.  10,  was  remarkable.  It  is  a 
snail  orchard  containing  about  twenty  Fameuse  trees  twenty  years 
of  age,  and  a  few  trees  of  other  varieties.  The  soil  is  the  Coloma 
fine  sandy  loam.  At  the  time  of  observation,  in  August,  it  was 
very  dry  and  hard.  A  heavy  crop  of  hay  had  been  grown  in  this 
orchard.  The  Fameuse  trees  bore  heavily  in  1914.  Their  entire 
crop  was  corky,  deformed  and  small,  and  the  trees  did  not  make 
much  growth. 

One  other  orchard  deserves  special  condderation.  This  is  orchard 
No.  11,  a  small  orchard,  mostly  of  the  Fameuse  variety.  The 
soil  is  the  Dover  fine  sandy  loam.  The  orchard  was  in  sod,  bearing 
a  light  crop  of  grass.  The  trees,  about  twenty  years  old,  were 
vigorous,  and  made  a  good  growth  in  1914,  with  heavy,  dark  green 
foliage.  An  exception  was  found  in  a  row  of  trees  along  one  side 
of  the  orchard  and  next  to  a  row  of  elms.  These  trees  were  less 
well  grown  and  smaller  than  the  other  trees  in  the  orchard.  They 
made  tesa  growth  in  1914,  their  foliage  was  paler  and  yellowish. 
All  of  their  fruit  was  corky,  while  other  trees  in  the  orchard  bore 
healthy  fruit. 

Cork  was  somewhat  less  prevalent  in  1915  than  in  1914.  It 
occurred  along  with  the  drouth  spot  in  orehard  No.  2  and  orchard 
No.  3,  in  the  same  trees  that  were  diseased  the  year  before.  The 
trees  in  Orchard  No.  6  which  bore  fruit  showing  both  drouth  spot 
and  cork  in  1914  were  badly  affected  with  cork  in  1915.  In  various 
other  orchards  certain  trees  and  individual  limbs  of  trees  which 
bore  corky  fruit  in  1914,  did  so  also  in  1915.  The  Fameuse  trees 
in  orehards  Noe.  5,  10  and  11  which  had  been  diseased  in  1914 
did  not,  in  most  cases,  bear  in  1915.  The  few  trees  that  did  bear, 
bore  corky  fruit.  The  Fameuse  crop  of  1915  was  very  light 
throughout  the  locality. 

Cork  was  very  scarce  in  1916.  It  was  found  in  two  trees  in 
orchard  No.  9.  These  trees,  as  elsewhere  noted,  were  badly  affected 
with  ro8ett«  and  die-back.  Cork  also  occurred  in  four  trees  in 
orchard  No.  3.  These  trees  were  some  of  those  which  had  borne 
"  corky  "  fruit  in  the  preceding  two  years.  The  Fameuse  trees  in 
this  part  of  orchard  No.  3  have  the  reputation  of  having  never 
home  healthy  fruit.  Some  of  them  did  so,  however,  in  1916.  Cork 
was  alao  found  in  five  trees  in  orchard  No.  7a,  these  being  trees 
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previously  diseased.  With  these  exceptions,  cork  was  absent  this 
year  from  the  orchards  under  observation,  even  from  trees  which 
had  been  looked  upon  as  "  corky  "  trees,  that  is,  which  could  be 
relied  upon  to  produce  specimens  of  the  disease  every  season.  ^ 
Particularly  strikii^  was  the  complete  absence  of  cork  from  orchard 
-No.  10,  though  this  orchard  was  again  in  hay;  from  orchard  No. 
6;  and  from  the  row  of  trees  in  orchard  No.  11,  in  which  it  had 
occurred  in  1914. 

DIE-BACK   AND   ROSETTE. 

The  first  manifestation  of  these  foliage  abnormahties  in  1014 
was  the  appearance  of  bare  tips  due  to  the  failure  of  the  buds  to 
start  in  the  spring.  This  was  first  seen  in  orchard  No.  1.  Later 
in  the  season  many  of  these  tips  died  back  and  developed  the 
peculiar  condition  described  above  (page  483)  as  rosette.  On  July 
13  the  writer  visited  a  number  of  orchards  near  Peru  in  company 
with  Dr.  Charles  Brooks  of  the  Bureau  of  Plant  Industry.  At 
this  time  Dr.  Brooks  pointed  out  the  occurrence  of  this  peculiar 
condition  in  orchard  No.  1  and  its  apparent  association  with  the 
drouth  spot,  and  mentioned  its  similarity  to  the  trouble  known  as 
rosette  occurring  in  the  apple-growing  regions  of  the  Pacific 
Northwest. 

Subsequently,  die-back  and  rosette  were  observed  in  various 
orchards;  viz.,  in  orchard  No.  2,  on  the  Northern  Spy  variety;  in 
orchard  No.  7,  on  Mcintosh;  and  in  orchard  No,  9,  on  Mcintosh, 
In  all  these  cases  it  occurred  on  trees  which  bore  diseased  fruits. 
It  was  reported,  also,  on  such  trees  in  the  orchard  of  J.  M.  Stevens 
at  Orwell,  Vt. 

These  foli^e  abnormalities  were  most  prevalent  in  orchard  No, 
1,  in  that  section  where  the  diseased  fruits  had  been  found  the 
preceding  year,  and  where  they  were  especially  abundant  in  1914. 
There  was  further  apparent  association  of  these  abnormahties  with 
the  disease  on  the  fruit.  Every  tree  in  this  orchard  which  was 
affected  with  them  bore  diseased  fruit,  if  it  bore  at  all.  Some  did 
not  bear.  Some  trees  were  found  with  diseased  fruit,  but  with 
normal  foliage. 

The  die-back  and  rosette,  while  occurring,  did  not  appear  serious 
in  extent  in  orchard  No,  1  in  1914,  It  must  be  stated,  however, 
that  a  lat^e  amount  of  pruning  was  done  by  the  manager  throughout 
the  summer,  when  the  diseased  foliage  was  removed. 
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As  early  as  July  21  the  premature  ripening  of  the  leaves  deBcribed 
on  page  484  had  become  evident,  and  was  more  noticeable  by  the 
middle  of  August.  This  was  nearly  umvereal  throughout  the 
portions  of  the  orchard  in  which  the  draeased  apples  had  appeared,  i' 
occurring  in  trees  which  bore  diseased  fruit  and  in  trees  which  showed 
the  die-back  and  rosette. 

About  August  15  the  die-back  of  the  current  season's  growth 
was  first  noticed.  It  occurred  in  a  large  number  of  trees  in  the 
drouth  spot  sections  of  the  orchard.  It  was  quite  prevalent  and 
continued  to  appear  as  late  as  September  15,  when  the  writer  left 
the  locality.  The  manager  of  the  orchard  reported  that  it  continued 
even  later,  and  expressed  the  opinion  that  it  was  responsible  for  the 
widespread  occurrence  of  the  die-back  evident  in  the  spring  of  1915, 

In  1915,  die-back,  resulting  from  the  death  of  the  season's  growth 
the  summer  before,  was  prevalent  in  several  orchards.  The  same 
trees  usually  showed  some  of  the  rosette,  though  this  was  less 
conspicuous.  These  abnormalities  were  most  serious  in  orchard  No.  1 
where  the  drouth  spot  was  also  most  evident;  but  they  occurred 
in  other  orchards  in  trees  which  bore  diseased  fruit  the  previous 
year,  and  where  the  die-back  of  the  season  of  1914  occurred.  All 
of  these  trees  that  bore  in  1915  bore  diseased  fruit.  Some  of  them, 
particularly  the  Northern  Spy  variety,  did  not  bear. 

The  following  are  some  of  the  orchards  in  which  drouth  spot  and 
Bummer  die-back  occurred  in  1914  and  the  die-back  was  prominent 
in  the  spring  of  1915;  Orchard  No.  1,  on  Mcintosh,  about  twenty 
trees  seriously  affected,  and  a  large  number  of  others  less  so;  orchard 
No.  2,  on  Northern  Spy  and  Fameuse;  orchard  No.  4,  on  Mcintosh 
and  Northern  Spy;  orchard  No.  5,  on  Mcintosh  and  Northern  Spy; 
orchard  No.  6,  on  Fameuse;  orchard  No.  7,  on  Mcintosh;  and 
orchard  No.  9,  on  Mcintosh. 

Fresh  die-back  of  the  current  season's  growth  was  observed  in 
orchard  No.  1  about  August  15.  It  was  much  less  in  extent  than 
that  occurring  in  1914;  in  fact,  was  found  only  in  a  few  trees. 

Somewhat  more  common  than  this  die-back,  though  much  less 
prevalent  than  in  the  precedii^  season,  was  the  premature  ripening 
of  the  foliage  described  on  pagfi  484  under  c.  In  connection  with 
this  a  significant  appearance  was  evident  about  September  first. 
The  season  of  1915  was  abnormal,  May  and  June  being  excessively 
diy,   while  July  and  August  were  rainy.     In  consequence,  many 
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treee  stopped  growth  early  and  later  put  out  new  growth,  amounting 
to  a  foot  or  more  on  some  branches.  Several  branches  showed  the 
typical  premature  ripening  in  their  lower  portions.  This  stopped 
abruptly  and  was  succeeded  above  by  a  foot  or  so  of  new  and  normal 
growth,  as  thouf^  the  incipient  injury  had  been  arrested  by  the 
resumption  of  growth.  On  the  same  trees  were  found  twigs  that 
had  not  started  to  grow  a  second  time  but  presented  the  prematurely 
npe  appearance  of  terminal  leaves  which  is  believed  to  be  the  first 
stage  of  die-back. 

The  above  would  indicate  that  the  die-back  occurs  during  a 
p^od  of  drouth  and  may  be  arrested  by  a  succeeding  moist  period. 
This  would  explain  the  greater  amount  of  die-back  in  1914,  since 
that  season  was  not  only  dry  in  May  and  June  but  the  drouth 
continued  throughout  the  summer. 

In  the  record  of  orchard  observations  some  emphasis  has  been 
placed  upon  soil  type.  This  has  been  done  to  bring  out  the  fact 
that  these  diseases  occur  on  the  best  types  of  soil  in  Clinton  county 
and  are  not  connected  with  any  marked  condition  of  infertility 
of  the  soil.  While  they  are  found  chiefly  on  one  soil  type,  the  Dover 
fine  sandy  loam,  there  is  no  ground  for  suspecting  a  wrong  condition 
pecuUar  to  this  soil.  There  ia  a  greater  number  of  productive 
orchards  on  this  type  of  soil  than  on  any  other.  In  certain  instances 
the  presence  of  the  drouth  spot  seemed  connected  with  a  condition 
of  shallow  soil,  but  borings  in  two  of  the  worst  affected  orchards 
revealed  a  deep  soil  with  nothing  in  the  nature  of  a  hardpan,  unless 
at  a  considerable  depth.  It  is  apparent  that  these  diseases  may 
occur  in  the  best  soils  of  the  county  under  thorough  cultivation, 
and  in  young  vigorous  trees,  as  readily  as  under  less  favorable 
conditions. 

ECOLOGY. 

FH0IT-P1T  OB  STIFFEN. 
Sorauer  (23)  states  that  in  Germany  stippen  occurs  commonly  on 
loose  soil  and  in  dry  yetirs.  It  affects  mostly  soft-fleshed,  early 
varieties.  Finn-fleshed  sorts  suffer  little.  In  England,  the  disease 
ia  said  to  occur  with  alternation  of  sun  and  shower,  or  even  of  heat 
and  drouth.  The  season  of  1911  was  hot  and  dry,  followed  by 
sudden  rains.  Stippen  was  abundant.  In  1912  the  season  was 
rainy  throughout,  and  there  was  very  little  stippen  (McAlpine  [13]). 
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McAIpine  (13)  Btates  that  in  Australia  the  prevailing  opinion 
is  that  this  disease  occurs  mostly  in  wet  summers.  A  few  growers 
have  experienced  it  in  dry  seasons.  It  is  believed  that  when  rainfall 
is  equally  distributed  and  the  raina  not  followed  by  a  period  of 
drouth  stippen  is  not  so  serious.  A  light  crop  with  abnormally 
large  fruit  is  more  liable  to  stippen  than  a  heavy  crop  of  average 
sized  fruit  equally  distributed  over  the  tree.  Young  and  vigorous 
Irees  making  rapid  growth  may  have  pitted  fruit  from  rapid 
transpiration  and  excessive  growth  interfering  with  the  regul^ 
development  of  the  vascular  network. 

Brooks  and  Fisher  (3),  conducting  urigation  experiments  with 
fruit-pit,  found  that  heavily  watered  trees,  especially  trees  heavily 
watered  late  in  the  season,  had  a  greater  percentage  of  diseased 
fruit  than  trees  receiving  medium  or  light  watering. 

DBOUTH   SPOT,    COBE   AND   DIE-BACK. 

The  writer's  observations  show  tiiat  these  diseases  may  occur  in 
both  wet  and  dry  seasons.  There  is,  however,  a  marked  relation  of 
weather  conditions  to  the  disease.  They  tend  to  disappear  during 
wet  weather  and  are  much  more  serious  during  a  dry  period, 
especially  dry  weather  occurring  early  in  the  season.  The  following 
statements  will  serve  to  make  this  clear.  The  spring  of  1914  was 
very  dry  and  there  was  a  great  deal  of  high  wind.  The  drouth 
continued  through  the  summer.  There  was  an  abundance  of  drouth 
spot,  of  cork  and  of  die-back  of  the  current  season's  growth.  It 
was  dry  and  very  windy  early  in  the  season  of  1915,  but  July  and 
August  were  rainy.  Under  these  conditions  drouth  spot  was  abun- 
dant early,  on  the  ranaller  fruits,  and  in  a  severe  form.  It  even 
occurred  on  trees  which  had  not  suffered  in  previous  years.  It 
failed  to  develop  on  the  larger  fruits  during  July  and  August. 
Cork  was  quite  prevalent  in  this  season,  the  injury  appearing  before 
the  dry  period  was  over.  Die-back  of  the  current  season's  growth 
was  inconsiderable,  occurring  only  in  a  few  branches  of  ceriain 
badly  affected  trees.  There  was  considerable  evidence  of  recovery 
from  preliminary  stages  of  die-back,  the  twigs  making  a  large 
amount  of  vigorous  growth  beyond  the  imhealthy  part. 

The  spring  of  1916  was  rainy.  Drouth  spot  and  cork  were  not 
entirdy  absent,  but  were  greatly  reduced,  appearing  only  in  trees 
which  in  past  years  had  been  very  badly  diseased.    Drouth  spot 
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appeared  early,  in  a  milder  form  than  in  1915,  and  had  stopped 
development  by  the  end  of  June.  Cork  was  slightly  later  in 
appearance  than  usual,  and  occurred  in  inconsiderable  amounts. 
Summer  die-back  did  not  appear. 

The  following  table  pves  the  record  of  rwnfall  during  the  seasona 
under  discusaon.  The  records  were  taken  by  Mr.  J.  W.  Harkness, 
cooperative  observer  of  the  U.  S.  Weather  Bureau,  at  Harknees, 
N.  y.,  four  miles  from  Peru,  and  probably  represent  with  fair 
accuracy  the  rainfall  during  those  seasons  for  the  apple^owing 
sections  of  the  lower  Champlain  valley. 
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Year 

May 

June 

July 

Augurt 

In. 
2  09 
-44 
1.14 
3.26 
2,41 

In. 
1  45 
2-64 
1.93 

3.68 
3,29 

In. 

3.78 
1  76 
4.4S 

■■3:66 

In. 

ATtMge  10  yean  — 1903-1912 

2,22 

CAUSE  OF  THE  DISEASE. 


general  discussion. 


It  is  evident  that  we  have  under  consideration,  not  two  distinct 
apple  diseases,  but,  at  the  most,  two  types  of  the  same  disease: 
(a)  Drouth  spot,  with  which  are  associated  abnormalities  of  the 
foliage,  called  drouth  die-back  and  drouth  rosette;  and  (b)  cork, 
which  may  occur  in  association  with  drouth  spot,  but  which  often 
occurs  independently,  and  is  then  not  associated,  except  rarely, 
with  any  disease  of  the  foliage.  Cork  is  most  common  in  the 
Fameuse  variety. 

Before  formulating  a  theory  as  to  the  cause  of  these  diseases 
certain  posmble  causes  need  to  be  eliminated.  A  discussion  of  these 
follows: 

PARASITIC  orqanishs:  fungi  and  bacteria. 

Certain  facts  operate  against  considering  a  parasitic  organism 
the  cause  of  these  diseases.  They  do  not  seem  to  be  infectious,  that 
is,  to  spread  from  one  tree  to  another  after  the  manner  of  para^tic 
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,  but  rather  to  affect  certain  trees  in  certain  locations,  and, 
in  the  case  of  cork,  even  certain  branches  of  one  tree,  season  after 
aeason.  In  the  case  of  drouth  spot,  the  lesion  appealing  on  the 
surface  of  the  fruit  does  not  increase  in  size.  This  was  determined 
by  drawing  rings  around  several  spots  and  watching  developments 
as  the  fruit  remained  on  the  tree.  Indeed,  in  both  drouth  spot 
and  cork  the  trouble  seems  to  be  an  injury  rather  than  a  disease. 
After  the  injury  occurs  subsequent  chaises  seem  to  be  due  to  further 
growth  of  the  fruit  and  attempts  to  out^ow  the  injury.  There 
is  no  progressive  development  of  the  disease.  The  very  apparent 
association  of  the  lesions  in  the  fruit  with  the  vascular  system 
suggests  that  the  trouble  is  of  non-parasitic  origin,  and  reveals  a 
marked  resemblance  to  fruitrpit  or  stippen,  a  trouble  with  which 
a  number  of  competent  workers  have  been  unable  to  connect  any 
parasitic  organism. 

In  addition  to  the  above,  some  Srst  hand  evidence  was  sought. 
A  large  number  of  sections  have  been  made  of  lesions  on  the  fruit, 
and  of  the  discolored  portions  of  the  die-back  twigs,  and  various 
staining  agents  employed;  but  in  no  case  could  any  organism  be 
found  associated  with  the  injured  cells.  In  the  fall  of  1914  and 
in  the  early  summer  of  1915  several  attempts  were  made  at  isolation 
of  an  organism  from  die-back  twigs  by  planting  bits  of  diseased 
tissue  in  plates  of  nutrient  and  potato  agar.  A  few  similar  attempts 
were  made  with  bits  of  tissue  from  drouth-spot-injured  apples. 
None  were  made  with  cork.  All  of  these  attempted  isolations  were 
without  result. 

INJUBT   BT   INSECTS. 

Specimens  of  the  drouth  spot  were  submitted  to  Prof.  G.  W. 
Herrick  and  Prof.  C.  R.  Crosby  of  the  Department  of  Entomology, 
New  York  State  CoUe^  of  Agriculture.  It  was  their  opinion  that 
the  injury  was  not  caused  by  insects  and  that  it  was  unlike  any 
known  insect  injury  to  apple  fruits. 

SPRAT  INJURY,   UECHANICAL  INJDBT,   SUNSCALD. 

The  evidence  is  against  any  of  these  causes.  The  drouth  spot 
does  not  resemble  spray  injury  in  any  recognized  form,  but  the 
agnificant  fact  is  the  occurrence  of  both  these  diseases  in  sprayed 
or  unsprayed  orchards  indifferently.  They  usually  first  appear 
between  the  dates  of  the  calyx  spray  and  the  second  codling  moth 
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spray,  and  in  orchard  No.  1,  where  the  drouth  spot  has  been  most 
prevalent,  no  appUcation  later  tiian  the  calyx  spray  has  ever  been 
made.  Mechanical  injury  of  the  fruit  broi^t  about  by  rubbing 
against  branches  in  the  wind  sometimes  occurs,  but  this  is  quite 
different  from  drouth  spot.  It  con^ts  in  brown,  leathery  areas  in 
the  akin  of  the  fruit,  usually  with  small  scratches  or  holes,  evidences 
of  the  rubbing.  The  position  of  the  fruit  in  the  tree  does  not  allow 
consideration  of  the  idea  of  sunscaJd,  for  the  disease  occurs  in  any 
part  of  the  tree,  inside  or  out,  and  on  any  side  of  the  fruit,  whether 
shaded  or  sunny. 

WINTER  INJURY. 

The  idea  that  winter  injury  may  be  directly  responsible  for  the 
die-back  and  rosette  injuries  of  these  trees  is  not  tenable,  since  the 
initial  stages  of  die-back  occur  in  late  summer  to  growth  which  has 
been  made  that  season,  and  to  twigs  in  which  the  wood  of  the 
previous  year  is  entirely  nonnal.  Althou^  the  writer  (18)  has 
observed  that  formation  of  parenchyma  wood,  such  as  occurs  in 
these  die-back  twigs,  follows  winter  injury  to  the  cambium,  it  seems 
that  here  it  follows  some  cambial  injury  which  takes  place  during 
the  growing  aeaaon. 

There  was  in  this  locality,  in  the  winter  of  1913-1914,  a  con- 
riderable  amount  of  wintOT  injury  to  the  roots  of  apple  trees.  It 
was  thought  that  winterkilhng  of  the  roots  might  be  associated 
with  the  die-back  and  rosette  injuries.  Examination  was  made, 
in  May,  1915,  of  the  roots  of  some  of  the  trees  in  orchard  No.  1. 
Surface  roots,  which,  in  the  cultivated  parts  of  the  orchard,  could 
ea^y  be  reached,  showed,  in  many  cases,  browned  centers  and 
live  outer  parte,  as  thot^  they  had  been  injured  by  cold  durii^ 
the  winter  of  1913-1914  and  had  laid  down  one  season's  growth 
outfiide  the  injured  portion.  This  condition,  however,  was  found 
in  trees  with  normal  foUage  and  fruit,  as  well  as  in  those  affected 
with  the  drouth  spot,  die-back,  and  rosette  injuries.  Three  trees 
which  were  very  badly  affected  with  die-back  and  rosette  were 
removed  and  their  root  systems  examined.  A  fourth  tree,  in  like 
condition,  was  {^ven  a  severe  pruning,  but  as  in  1916  its  t^pearance 
was  not  improved,  it,  too,  was  dug  up  and  examined.  Three  of 
these  trees  showed,  just  below  the  union  of  stock  and  cion,  a  large 
amount  of  corky,  rough,  outer  bark  while  the  baric  underneath  was 
normal.    The  fourth  tree  showed  a  small  growth  of  what  was 
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apparently  crown-gall  on  an  upper  root.  The  root  systems  of  all 
four  trees  were  healthy;  there  were  not  even  any  of  the  mrface 
roots  with  browned  centera,  as  observed  in  other  trees. 

It  does  not  appear  that  winter  injury  to  the  roots  can  be  asso- 
ciated, eves  as  a  contributory  factor,  with  the  occurrence  of  die-back 
and  rosette.  Further,  manifestations  of  root  injury,  as  observed  in 
ibis  locality  in  1914  and  1915,  are  quite  different.  In  severe  cases 
tbe  leaves  wither  and  die  before  they  have  attained  much  wk,  and 
usually  certain  large  branches  die  throughout  their  length;  but  there 
ia  DO  condition  like  die-back  or  rosette. 

An  unhealthy  condition  of  tbe  roots  is,  apparently,  not  necessary 
to  the  presence  of  the  disease.  Allen  (1)  has  made  a  study  of  the 
conditioa  of  the  roots  of  apple  trees  in  the  Hood  River  valley,  noting, 
among  other  things,  the  relation  of  root  condition  to  the  occurrence 
of  "fnut-tHt,"and"  winter  injury  "or  "  die-back."  {These  troubles 
may  be  mmilor  to  the  drouth  spot  and  die-back  of  the  Champlain 
valley.)  He  states:  "  The  presence  of  '  fruit-pit '  was  found  to 
be  worse  under  tbe  worst  conditions  of  the  soil,  and  upon  trees  having 
rootsystemain  the  most  critical  condition.  In  less  serious  amdilioTia  of 
toil  the  roots  of  the  'pit  trees '  were  either  Tiormal  in  vigor  or  nearly  so. 

"  Winter  injury  appears  to  be  most  prevalent  on  soils  of  poor 
condition,  but  no  relation  was  found  to  exist  between  the  seriousness 
of  the  trouble  and  the  condition  of  the  roots  of  the  trees;  the  roots 
of  Borne  trees  so  affected,  however,  were  found  to  be  in  very  poor 
condition." 

FRUIT-PIT   OB  STIFFEN. 

Various  theories  to  account  for  fruitrpit  or  stippen  formation 
have  been  advanced  by  different  workers.  Only  those  which  assign 
a  so-called  pbysioli^cal  cause  will  be  reviewed  here.  Other  causes 
have  been  suggested,  but  there  is  no  evidence  in  favor  of  them. 
Such  are  parasitic  fungi,  insects,  mechanical  injury,  spray  injury. 

Wortmann  (25)  believes  the  injury  to  be  due  to  an  increased 
concentration  of  the  cell  sap  through  water  lost  by  transpu-ation. 
Excessive  transpiration  and  poor  conduction  of  water  from  cell  to 
cell  are  thought  to  be  the  factors  most  concerned.  From  a  study  of 
sevoal  varieties  susceptible  and  not  susceptible  to  stippen,  Wortmann 
finds  that,  in  general,  non-susceptible  varieties  have  thicker  walled, 
Bsaller  epidermal  cells,  and  fewer  stomata  or  other  openings  in 
the  cuticle.  He  considers  this  a  protection  against  transpiration. 
13 
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Zschokke  (26)  comes  to  much  the  same  conclufiion  as  Wortmann. 
He  emphasiBes  the  factor  of  insular  cooduction  from  cell  to  cell 
and  comiects  the  occurrence  of  the  spots  in  larger  numbers  near  the 
calyx  end  of  the  fruit  with  the  larger  number  of  stomata  and  other 
openings  in  that  r^on,  and  with  a  possible  higher  rate  of  transpira- 
tion by  the  upper  one-third  of  the  apple. 

Sorauer  (24)  suggests  that  atippen  is  caused  by  too  rapid 
maturation  of  individual  cell  groups.  In  every  fruit  the  tissue  is 
unequally  filled  with  reserve  materials.  Untimely  dryness  of  the 
soil  may  interfere  with  the  amount  of  organic  material  necessary  to 
the  full  development  of  the  fruit.  Individual  tissue  groups  will  be 
especially  poor  in  contained  material  and  will  mature  (ausleben) 
more  quickly. 

Evans  (9)  offers  the  following  theory:  Abundant  transpiration 
and  copious  absorption  of  the  water  by  the  roots  occurs,  as  on  a 
warm,  bright  day.  The  transpiration  is  suddenly  checked,  without 
a  corresponding  check  in  absorption.  The  cells  of  the  flesh  in 
proximity  to  the  fibro-vascular  bundles  become  gorged,  distended 
with  water,  burst  and  die.  Adjacent  cells,  being  dependent  on  these 
for  their  water  supply,  also  die,  producing  small  brown  areas  in  the 
flesh  of  the  fruit.  The  conductive  tissue  is  not  affected,  since  it 
is  strong  walled  and  adapted  to  withstand  pressure. 

McAIpine  (13)  disagrees  with  Evans  on  the  following  grounds: 
(I)  The  cells  of  the  flesh  are  closely  pressed  together  and  could  not 
burst;  (2)  if  thin  slices  of  the  "  pitted  "  portions  of  the  fruit  axe 
placed  in  water  the  cells  regain  their  original  size;  (3)  it  is  very 
easy  to  rupture  the  cell  walls  in  the  process  of  preparing  sections; 
(4)  the  well  known  water-core  disease  is  generally  conceded  to  be 
due  to  a  superabundance  of  water  which  passes  throu^  the  cell 
walls  under  pressure,  fills  the  intercellular  spaces,  driving  out  the 
air  and  causing  the  water-soaked  appearance.  In  a  later  report  he 
suggests  that  sometimes  bursting  of  the  cells  from  turgor  may  cause 
the  disease.     (McAIpine  [16]). 

McAIpine  offers  the  following  to  explain  the  occurrence  of  "  bitter 
pit  "  in  both  a  wet  and  a  dry  season:  The  supply  of  water  to  the 
cells  is  deficient  during  a  critical  period  of  growth.  In  a  wet  season 
the  apple  grows  very  rapidly.  The  network  of  conductive  tissue 
cannot  develop  rapidly  enough  to  maintain  properly  balanced 
proportions.    Thus  the  water  supply  becomes  deficient.    In  a  dry 
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aaaoa  tianspmiioa  ia  excessive  and  the  soil,  lacking  in  moisture, 
canoot  supply  a  sufficient  amount  to  the  fruit,  resulting  in  a  drying 
d  the  cells,  particularly  those  at  the  surface. 

"  Confluent  bitter  pit "  or  "  crinkle  "  is  thus  explained  by 
McAlpine:  Excessive  tnuisfMration  caused  by  sudden  heat,  com- 
bined with  rapid  growUi  which  produces  partial  rupture  of  the 
^dermis,  may  result  in  the  vascular  network  not  bdng  formed 
over  large  areas.    These  may  develop  "  confluent  bitter  pit." 

McAlpine  attributes  the  greater  amount  of  stippen  at  the  calyx 
end  of  the  apple  to  the  greater  transpiration  which  takes  place  in 
that  region.  He  assumes  this  greater  transpiration  since  the  number 
of  8h»nata  at  that  end  is  about  three  times  the  number  at  the 
opposite  end. 

According  fo  McAlpine,  interior  stippen  not  related  to  external 
lesions  (the  cork  of  Chnton  county)  may  be  explained  in  one  of  two 
irays:  (1)  The  spots  appeared  when  the  apples  were  very  small 
and  were  later  enclosed  by  the  growth  of  the  flesh;  or  (2)  the  injury 
pn^reeeed  inward  from  external  spots  following  the  conductive 
tissue. 

DROUTH   SPOT  AND    COBS. 

Chandler  (5)  has  shown  that  under  conditions  of  reduced  water 
supply  to  the  roots,  and  increased  transpiration,  the  leaves  of  an 
apple  tree  may  rob  the  green  fruit  of  its  water,  causing  it  to  wilt. 
This  is  due  to  the  fact  that  the  cell-sap  concentration  in  the  leaves 
is  BCHnewhat  higher  than  in  the  green  fruit.  Hence,  the  direction  of 
the  osmotic  flow  would  then  be  from  the  fruit  to  the  leaves.  It 
aeems  probable  that,  if  the  cork  and  drouth  spot  are  due  to  a 
combination  of  reduced  water  supply  and  excessive  transpiration, 
they  are  caused  in  this  manner,  rather  than  by  an  excessive 
traDB[nrati(H)  of  the  fruits  themselves. 

RELATIVE   RATE  OF   l^ANSPEBATION   OF   TOUNO    FBUITS   AND   LBAVEH. 

The  measurement  of  the  rate  of  transpiration  of  fruits  while 
attached  to  the  tree  cannot  be  accomplished  with  any  degree  of 
accuracy.  McAljnne  (14)  has  measured  the  amount  of  water  given 
off  by  aj^es  enclosed  in  ^ass  bulbs  attached  to  the  tr<«.  His 
results  show  an  increase  in  the  amount  of  water  transpired  as  the 
fnnt  increases  in  raze.  Unfortunately,  it  cannot  be  said  whether 
this  increase  is  relative  as  well  as  absolute;  that  is,  whether  there 
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is  an  increase  or  decrease  in  the  amount  of  water  transpired  per 
unit  weight  of  fruit.  There  seems  to  be  no  good  method  of  deter- 
mining this.  It  was  thoi^it  eomethii^  mi^t  be  learned  from  the 
measurement  of  the  amount  of  water  given  off  by  detached  fruit«. 
For  this  purpose  fruits  were  removed  from  the  tree  and  the  ends 
of  their  sterna  paraffined.  They  were  weighed  immediately,  and 
subsequently  at  intervals  of  twenty-four  hours.  For  purposes  of 
comparison  detached  leaves  were  similarly  treated.  The  results 
are  given  in  Tables  II  and  III. 


Table  I 

—Amount  oi 

Wateb  Tbanbpibbd  tboh 

for»a  Detached  Appia  Fbuhs. 

Number 
of 
fruits 

Titamv. 

Water 

Date 

Variety 

diam. 

g[ 
fruits 

ST 

gruofi  per  lalogram  of 
weight  per  hour 

green 

24brs. 

4Shrs. 

72hr8. 

96hTB. 

191« 

Mm. 

Oramt 

Oram* 

Orawt 

Ommt 

Oram* 

June  13 

25 

8-12 

0-83; 

2-33 

4.72 

4.46 

Mcintosh... 

11-15 

1-46 

.918 

1.35 

1.51 

June  17 

Molntoah... 

25 

1&-20 

3,19 

1.03 

June  22 

Mclntoah..- 

25 

20-2S 

6.06 

.959 

.979 

.934 

Mclntodi... 

14.89 

.403 

.^7 

1915 

June  25 

McIntoBh... 

10 

10.66 

.665 

0.811 

.845 

FameuM.  .  . 

10 

8,74 

.646 

.637 

June  29 

Baldwin. , . . 

10 

7.56 

.782 

.703 

.632 

R.  Island... 

0.35 

.717 

.641 

N.  Spy 

10 

9,51 

.981 

.870 

.771 

10 

8,62 

.817 

.725 

,641 

June  30 

Mclutoah... 

9.73 

.600 

Baldmn... 

10 

31.68 

.197 

-162 

,133 

R.  Island... 

10 

35.56 

.154 

.130 

.126 

July    13 

Mcintosh... 

.244 

.210 

.163 

Faraeuae... 

10 

29.ffli 

.162 

.247 

.191 

It  will  be  seen  that  the  amoimt  of  water  vapor  given  off  by 
detached  fruits  does  not  vary  so  much  with  variety  as  with  the 
size  of  the  fruit;  also,  that  the  amount  transpired  per  unit  of  green 
weight  is  not  large,  even  in  the  very  young  fruit,  and  decreases  as 
the  fruit  grows.  While  the  above  figures  must  not  be  taken  as 
representing  the  rate  of  transpiration  in  fruits  attached  to  the  tree, 
yet  it  may  be  assumed  that  the  same  relation  holds  in  the  latter 
case.    This  is  not  surprising.    When  the  apple  is  very  small  the 
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st<»iiata  are  abundant  on  its  surface.  As  the  apple  grows  its  surface 
area  increases  without  a  corresponding  increase  in  the  number  of 
stomata.  Lenticels  and  other  openings  in  the  skin  may  appear, 
but  in  a  large  apple  the  number  of  openings  per  unit  of  surface 
is  greatly  less  than  in  the  very  young  fruit, 

TuLB  III. — AiiovNT  OP  Wateb  TBANBPiKEn  rsou  Dbtacbbd  Apple  Lbateb. 


Date 

Variety 

Number 

leaves 

Water    tramipired;     meaaured     in 

grams  p«  Idlogram  of  green 

weight  pat  hour 

24hrs. 

48hr8. 

72  hn. 

1918 

Pameuse 

Mclntodi 

Mcintosh 

Mclntoeh 

Mclntodi 

Northern  Spy. . . 

Fameuae 

Mclntoeh 

Baldwin 

Rhode  Idand.. 

Fameuse 

50 
50 
50 
60 
50 

20 
20 
20 
20 
20 
20 
20 

Otamt 
6.85 

7.39 

""s'.is 

8.83 

11,82 
11.16 
12.81 
8.03 
8.36 
8,19 
10.92 

Oranu 
7.80 
5.61 
5.31 
6.68 
8.13 

9.03 
8.63 
9.24 
6.87 
7.30 
7.61 
8  59 

Oram, 

June  17 

6.49 

1B15 

7.22 
6.60 

Mr  16 

5.56 

583 

It  will  also  be  seen  that  the  amount  of  water  given  off  by 
detached  leaves  is  much  greater  than  that  transpired  by  the  fruits. 
Undoubtedly,  this  relation  also  holds  true  on  the  tree.  It  is  an 
accepted  fact  of  physiology  that  a,  plant's  leaves  are  its  chief  organs 
of  transpiration. 

EXPBRIUENTAL  PRODUCTION    OF  LESIONS   REBBMBUNG    THOSE 
OP   DROUTH   SPOT. 

Chandler  (5)  employed  a  unique  method  to  demonstrate  the 
alnlity  of  the  leaves  to  rob  the  fruit  of  water.  Twigs  bearing  green 
fnnta  and  leaves  were  detached  from  the  tree,  the  cut  ends  of  the 
twigs  and  the  fruits  were  dipped  in  melted  parafSn  at  a  temperature 
low  enough  not  to  injure  the  tissue.  These  twigs  were  then  placed 
in  a  coo!,  dark  place  where  transpiration  would  not  be  excessive. 
It  was  found  that  the  fruits  wilted  and  shrunk  inside  the  paraffin, 
rtiile  the  leaves  remained  quite  iresii. 
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It  seemed  that  by  employing  this  as  a  method  of  rapidly  wiltu^ 
tiie  fruits  it  might  be  possible  to  produce  lesions  resembliDg  those 
of  drouth  spot.  A  large  number  of  tests  of  this  sort  were  made  in 
1915  and  1916.  The  tests  of  1915  were  not  so  uniformly  successful 
OS  those  of  1916,  since  some  time  was  spent  in  determining  the 
proper  relation  of  number  and  size  of  the  leaves  to  the  fruits  tc 
obtain  best  results.  However,  some  success  was  met  with  in  both 
seasons.  It  was  found  that  with  fruits  up  to  2.5  centimeters  in. 
diameter,  a  fruit  spur  bearing  from  one  to  three  fruits  (according 
to  the  number  and  size  of  its  leaves)  gave  the  best  results. 

In  the  beginning  of  the  experiments  the  following  checks  were 
employed:  (1)  A  twig  with  leaves  removed  and  the  cut  ends  of 
the  twig  and  the  fruits  dipped  in  paraffin;  (2)  a  twig  with  leaves 
and  fruit  attached,  the  cut  end  of  the  twig  being  paraffined;  (3) 
detached  fruits,  with  the  ends  of  the  stems  paraffined.  Since  the 
fruits  in  the  case  of  check  1  did  not  wilt,  only  checks  2  and  3  were 
employed  in  later  experiments;  and,  finally,  since  the  detached 
fruits  did  not  wilt  perceptibly  during  the  period  of  the  experiment, 
this  check,  also,  was  discontinued.  In  the  case  of  check  2,  leaves 
and  fruit  attached  and  the  cut  end  of  the  twig  paraffined,  wilting 
of  the  fruits  occurred,  though  perhaps  not  so  rapidly  as  in  the  case 
of  twigs  with  parafSned  fruits.  For  some  reason,  lesions  never 
developed  on  fruits  from  these  check  twigs.  After  being  prepared 
the  twigs  were  placed  in  a  cool,  dark  place  for  a  variable  period, 
(from  12  to  24  hours)  until  they  had  wilted  to  a  certain  point  which 
was  learned  by  experience  to  yield  the  best  results.  The  pariaffin 
was  then  removed  from  the  fruits,  the  ends  of  the  twigs  freshly  cut 
and  placed  in  water.  Except  in  the  case  of  large  fruits  it  was 
always  possible  to  bring  the  fruits  back  to  their  original  state  of 
turgor. 

The  lesions  b^an  to  be  apparent  a  short  time  after  the  removal 
of  the  paraffin,  or  as  soon  as  the  dead  tissue  became  oxidized,  but 
they  showed  most  plainly  after  the  fruits  had  again  become  turgid. 

In  1916,  II  of  these  wilting  experiments  were  made,  involving 
in  all  283  twigs  and  449  fruits.  Of  these,  281  fruits  developed 
lesions  resembhng  those  of  drouth  spot,  and  varying  in  type  from 
superficial  to  deep  seated;  168  fruits  failed  to  show  any  injury 
whatever.  The  experiments  were  more  unifonnly  successful  with 
the  smaller  fruits.    It  was  not  attempted  to  conduct  any  experiments 
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with  fruits  lai^r  than  three  and  one-balf  centimeters  in  tr&Daverss 
di&meter.  The  more  rapid  and  severe  the  wilting  the  more  the 
resultlDg  injury  resembled  the  deep-seated  type  of  spot,  such  as 
was  common  in  1915.  Less  rapid  and  less  severe  wilting  caused 
spots  resembling  the  superficial  type  of  lesion. 

These  spots  of  course  resembled  the  early  types  of  the  disease 
since  it  was  not  possible  to  cause  the  fruits  to  grow  subsequent  to 
the  injury.  They  bore  the  same  relation  to  the  vascular  system  of 
the  fruit  as  in  the  case  of  natural  injury.  In  a  very  few  cases 
internal  spots  developed,  with  do  external  abnormality,  thus  resean- 
bling  the  cork  more  than  the  drouth  spot.  Plate  XXI  is  a  photograph 
d  eome  fruits  in  which  the  injury  had  been  produced  experi- 
mentally. 

Hittology  <^  artificial  lesions. — ^Microtome  sections  were  made 
of  some  of  the  artificially  produced  spots,  and  these  were  studied 
in  comparison  with  those  from  naturally  diseased  fruits.  They 
were  found  to  correspond  with  them  in  respect  to  the  tissues  affected, 
the  relation  of  the  dead  spots  to  the  vascular  system,  and  in  the 
nature  of  the  injury  to  the  cells.  Figures  1  and  2  of  Plate  XXIX 
are  drawings  made  from  sections  of  artificially  produced  lesions.  They 
should  be  compared  with  Plate  XXII,  fig.  2,  and  Plate  XXIII,  fig.  1. 

AITEMPT  TO  PBBVENT  DROUTH   SPOT  BY  RBHOVAL  OF  FOLU.OB. 

It  seemed  possible  that  the  reduction  of  the  leaf  surface  of  the 
tree  during  the  critical  period  might  operate  to  prevent  the  injury. 
A  tree  was  selected  in  one  of  the  "  sick  "  parts  of  orchard  No.  1 
and  on  June  9,  1916,  a  number  of  its  leaves  were  removed,  reducii^ 
the  total  area  of  leaf  surface  by  about  one-third.  The  tree  chosen 
was  affected  with  die-back  and  had  borne  diseased  apples  in  past 
years.  At  this  date  its  crop  was  healthy,  though  one  of  the  nearby 
trees  bore  diseased  fruit.  On  June  20  twelve  diseased  fruits  were 
found  on  this  tree  and  on  June  26  five  more.  These  were  removed 
and  no  disease  developed  subsequently.  The  remainder  of  the 
crop  of  this  tree  was  healthy.  On  several  of  the  surrounding  trees 
the  greater  part  of  the  crop  was  diseased,  and  on  these  trees  also 
the  disease  developed  rather  late,  a  very  few  freshly  diseased  fniit« 
bong  found  as  late  as  July  5.  Too  much  must  not  be  inferred 
fran  the  result  of  this  defoliation,  as  only  one  tree  was  involved, 
&od  it  was  possible  to  find  several  trees  equally  affected  with  die- 
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back  in  which  no  disease  developed  in  1916,  In  any  event,  reductioo 
of  the  leaf  surface  of  a  tree  could  hardly  be  adopted  as  a  control 
measure  against  drouth  spot. 

ATTEMPT  TO  CAUSE  DBOUTH  SPOT  BT  OBBTRnCllNG  THB  BAP  PLOW. 
It  seemed  possible  that  an  obstruction  to  the  sap  flow  might 
produce  the  disease.  The  writer  has  observed  apples  affected  by 
the  true  fruit-pit,  or  stippen,  on  a  branch  partially  girdled  by  a 
Sphaeropsis  canker,  the  fruit  on  the  other  branches  of  the  tree 
remaining  healthy.  On  June  9,  1916,  five  branches  were  selected 
on  five  healthy  trees  in  orchard  No.  1,  and  notched  deeply  through 
the  bark  and  outer  sapwood  on  opposite  sides,  below  the  fruit- 
beeiring  portion.  The  disease  did  not  develop  on  these  branches 
or  on  any  other  branches  of  these  trees. 

CONCLUSION    AS   TO    CAUSE. 

These  apple  diseases  must  be  considered  of  non-parasitic  nature, 
and  greatly  influenced,  if  not  caused,  by  lack  of  sufficient  moisture 
Brooks  and  Fisher  (3)  state  that  the  corky  pit  or  drouth  spot  of  the 
Northwest  is  caused  directly  by  drouth,  and  that  the  disease  has 
been  produced  experimentally  by  subjecting  Winesaps  to  sudden 
drouth.  Allen  (1)  says:  "much  of  the  fruit-pit  and  winter-injury 
now  so  prevalent  in  the  orchards  [of  the  Hood  River  Valley]  is  due 
to  drouth  and  improper  fertilization." 

The  writer's  observations  of  the  cork  and  drouth  spot  of  the 
Champlain  Valley  indicate  an  insufficient  supply  of  water  from 
the  roots  as  one  of  the  chief  causal  factors.  Since,  however,  in  a 
wet  season,  and  under  conditions  where  there  seems  to  be  no 
deficiency  of  moisture,  these  diseases  may  occur  in  trees  that  have 
been  previously  diseased;  and  since  there  is  a  tendency  for  certain 
trees  to  become  diseased  year  after  year,  insufficient  soil  moisture 
cannot  be  looked  upon  as  the  sole  cause.  Some  not  thorouf^y 
understood  factor  or  factors  must  operate  to  produce  the  disease 
under  these  conditions. 

Finally,  it  is  suggested  that  the  exact  manner  of  occurrence  <rf 
the  injury  may  be  by  the  leaves  robbing  the  fruit  of  water  durii^  a 
critical  period  of  low  root  supply  and  high  transpiration.  Rapid 
wilting  of  the  fruits  can  be  brought  about  by  excessive  transpiration 
from  Hie  leaves.    It  has  been  seen  that  this  wilting  may  result 
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in  tiie  deatli  of  certain  cells  near  the  vascular  bundles,  forming 
lesianB  refimibling  those  of  drouth  spot,  and  occasionally,  of  cork. 
Chandler  (5)  has  presented  evidence  that  transpiration  from  the 
leaves  may  brii^  about  a  scarcity  of  water  in  the  fruit  under  field 
conditaons.  It  is  not  impossible  that  this  is  at  least  one  of  the 
ways  in  which  the  disease  may  be  caused. 

This  seems  more  likely  than  that  the  injury  is  due  to  an  excessive 
transpiration  from  the  fruit  itself,  or,  as  suggested  by  McAlpine 
for  "  crinkle,"  to  the  failure  of  the  vascular  network  over  large 
aiesB.  The  striking  thing  about  these  diseases  is  the  presence, 
Qot  the  absence,  of  meshes  of  this  vascular  network  in  close  proximity 
to  the  dead  cell  areas. 

In  making  the  above  suggestion  as  to  the  cause  of  cork  and  drouth 
spot,  the  writer  realize  that  the  small  amount  of  experimental 
work  done  does  not  warrant  a  definite  conclusion.  There  is, 
nndouhtedly,  much  yet  to  be  learned  of  the  real  nature  of  these 


Further,  it  is  not  intended  to  advance  this  theory  to  explain 
the  cause  of  true  fruit-pit,  or  stippen,  which  occurs  in  a  late  stage 
of  the  fruit's  growth  and  is  said  to  develop  in  storage  (McAlpine 
[12|,  [131,  [15])- 

CONTROL. 
~  The  most  promising  outlook  for  the  control  of  drouth  spot  and 
cork  seems  to  be  in  methods  of  conserving  soil  moisture  and  improv- 
ing the  water-holding  capacity  and  physical  condition  of  the  soil. 
Clean  cultivation,  alone,  is  not  effective.  Perhaps  clean  cultivation 
combined  with  leguminous  cover  crops  may  accomplish  more. 

There  seems  to  be  a  slight  indication  of  the  beneficial  effect  of 
a  vetch-and-buckwheat  cover  crop  in  orchard  No.  1  in  1916.  A 
part  of  this  orchard  which  had  been  badly  affected  with  drouth 
spot  in  the  past  was  practically  free  from  it  in  1913.  This  part 
of  the  orchard  was  clean-cultivated  in  1915  and  sowed  to  a  cover 
crop  of  vetch  and  buckwheat.  It  is  possible,  also,  that  there  are 
Bome  indications  in  the  case  of  the  Stevens  orchard  at  Orwell, 
Vennont,  where  a  small  area  bearing  sweet  clover  was  continuously 
tree  from  drouth  spot,  while  clean-cultivated  areas  of  the  same 
soil  type  exhibited  the  disease.  Also,  in  this  orchard  clean  cultiva- 
tion with  seeding  to  alfalfa  in  1915  was  followed  by  an  almost 
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complete  absence  of  the  disease  in  1916.  Too  much  must  not  be 
assumed  from  the  latter  circumstance  in  view  of  the  rainy  spring 
and  the  very  inconsiderable  amount  of  drouth  spot  throu^out  the 
Champlain  valley  that  season.  The  chief  reason  for  su^esting  the 
use  of  leguminous  cover  crops  lies  in  beneficial  results  reported 
from  the  Pacific  Northwest.  Allen  (1)  betievea  the  "fruit-pit"  and 
"  winter  injury  "  to  be  lai^ly  due  to  drouth  conditions  and  improper 
fertilization,  and  says:  *'  This  statement  appears  to  have  been 
borne  out  during  the  past  two  years  by  the  rapid  disappearance 
of  fruit-pit  and  winter  injury  following  the  application  of  irrigation 
and  the  use  of  leguminous  crops  in  the  orchards."  Clawson  (6) 
offers  the  use  of  a  l^uminous  crop,  preferably  alfalfa,  as  a  positive 
remedy  for  rosette  in  Washington  orchards.  It  is  claimed  that 
two  or  three  years'  growing  of  alfalfa  in  an  affected  orchard  results 
in  the  disappearance  of  the  trouble. 

The  benefits  derived  from  alfalfa  are  probably  due  to  an  improve- 
ment in  the  physical  condition  of  the  soil,  resulting  in  a  better 
water-holding  capacity,  and  the  addition  of  nitrogen.  During  the 
first  two  years  alfalfa  probably  makes  a  large  drain  on  the  soil 
moisture,  but  it  is  a  deep-rooted  plant  and  after  becoming  estab- 
lished obtains  its  water  largely  from  lower  levels,  and  further  acts 
beneficially  by  shading  the  soil.  According  to  Clawson  (6)  the 
best  method  of  alfalfa  culture  in  the  orchard  would  be  a  constant 
disking  in  of  the  alfalfa  tops  forming  a  vegetable  mulch  over  the 
soil  surface.  The  common  practise  with  Washington  growers  is 
to  cut  two  or  three  crops  for  hay  and  disk  in  the  late  growth  the 
following  spring.  In  some  orchards  the  alfalfa  has  been  grown 
continuously  without  harvesting,  with  good  results.  Clawson 
recommends  that  the  alfalfa  should  not  be  planted  before  the  orchard 
is  five  years  old,  and  that  it  be  then  started  in  the  centers  of  the 
rows,  leaving,  at  first,  a  cultivated  strip  next  to  the  trees.  When 
the  water  supply  is  short  it  may  even  be  advisable  to  plant  the 
alfalfa  in  drills,  allowing  for  cultivation  between. 

The  conditions  in  the  Champlain  valley  cannot  be  identical  with 
those  in  the  Northwest,  for  irrigation  is  not  practised;  but  it  seems 
possible  that  there  may  be  some  benefit  obt^ned  from  the  use  of 
a  leguminous  cover  crop  or  even  continuous  alfalfa  culture  in  the 
orchard.  Both  these  practises  are  being  tried  in  two  of  the  orchards 
which  have  been  studied ;  a  few  years'  observation  will  tell  the  result. 
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Cork,  as  occurring  independently  of  drouth  spot,  haa  a  tendency 
to  be  restricted  to  certain  trees  year  after  year.  Some  growers 
claim  to  have  changed  this  iiabit  of  a  tree  for  a  period  of  years  by 
very  severe  pruning.  Perhaps  in  many  cases  the  removal  of  certain 
"  corky  "  trees  would  be  advisable,  since,  usually  in  a  well-cared- 
foT  OTchard,  the  number  of  trees  predisposed  to  cork  is  not  large. 
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EXPLANATION  OF  PLATES. 
Plati  XVIII.— Gobi  Disease  of  Applm. 
Fig.  I.     Surf&ce  and  cross-eectioD  views  of  young  Fameuse  apples  affected  irith 
cork.    Frmto  smooth  externally.    Photographed  July  29,  1916.    Natural  cue. 

Fig.  2.  Fameuse  applee  (nearly  mature)  affected  with  cork.  The  out  fruitB  show 
spots  of  oork  scattered  all  through  the  flosh.  The  surface  of  t^e  uncut  fruit  ia 
covered  with  shallow  depressbos.     Photogr^hed  S^tonber  6,  1916.     Natural  oIm. 

Plate  XIX.^Yodno  Afplbb  ArPBcmm  with  Dboutb  Spot. 

fig.  1.  Superficial  type  of  droutii  spot.  The  fruit  in  the  upper  left  hand  comer 
has  an  older  injury  tlian  the  others  and  has  shrunk  somewhat.  Hence,  the  extremely 
wrinkled  appearance.  Probably,  this  fruit,  in  cross  section,  would  show  a  few  brown 
spots  in  the  flesh.  The  cross  sections  shown  are  of  fruits  dmilar  to  the  three  right- 
hand  fruits  in  the  top  row.  Note  that  the  trouble  is  only  skin  deep.  Three  healthy 
fruits  (in  the  cento')  are  shown  for  oomparison.  Photographed  June  19,  1916. 
Natural  size. 

Elg.  2.  Young  Mcintosh  fruits  affected  with  drouth  spot.  The  lesions  are  of 
the  deep-seated  type  common  in  tOI5.     Photographed  in  June,  1915.     Natural  siie. 

Platb  XX — Dbouth  Spot  of  Appleb. 

Fig.  1.  Gross  seotions  of  fruits  similar  to  those  shown  in  Plate  II,  fig.  2.  Note 
tlie  rdation  of  the  corky  spots  and  cavitjes  to  the  main  vascular  branches.  The 
fruit  in  the  upper  right  hand  corner  is  healthy.  Photographed  in  June,  1915. 
Natural  die. 

Fig.  2.  Half-grown  fruits  affected  with  drouth  spot.  The  fruit  in  the  bwer 
right  hand  corner  shows  deep-seated  lesions  as  they  appear  on  fruits  of  tiiis  siie. 
The  middle  fruit  in  the  lower  row  shows  spots  of  tlie  auporficial  type  with  wrinkles 
in  the  skin.  The  other  fruits  show  the  cracked  and  dwky  appearance  of  the  skin 
which  occurs  when  the  fruit  grows  subsequent  to  drouth  spot  injury,  Photogr^bed 
In  July,  1014.    Natural  rite. 

Plate  XXI.- 


Plati  XXII.— Patbolooioai.  HnrobooT  or  Cobe  akd  Dsoctb  8m>t. 

Fig.  1.  Drawing  of  an  internal  brown  spot  of  cork.  The  dead  cells  are  indicated 
by  heavy  stippling.  The  healthy  cells  are  shown  in  outline  only.  Note  the  ladder- 
like arrangement  of  healthy  cells  next  tj>  the  diseased  area.  Chitlined  with  tiie  aid 
(A  a  camera  ludda.     X  50. 

Fig.  2.  Cross  section  through  a  drouth  mot  of  the  superficial  type  with  smooth 
surface.  The  dead  cells  in  the  hypodermal  parenchyma  are  indicated  by  heavily 
stippled  contents.    Outlined  with  the  ud  of  a  camera  lucida.     X  215. 

Plato  XXIII. —  Patbolooical  Histoloqt  op  Dnoir^  Spot. 


the  whole  of  the  hypodermal  parenchyma  and  in  places  extends  into  the  cortex. 
Outlined  with  the  aid  of  a  camera  lucida.     X  100. 

Fig.  2.  Cross  section  through  a  late  stage  of  drouth  spot,  superficial  type,  showing 
layers  of  rectangular  cells  laid  down  preliminary  to  cutting  off  the  dead  area  by  means 
ot  a  cork  layer.    One  or  two  of  the  outer  layers  of  rectangular  cdls  have  aaberised 
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Platr  XVIII. —  Cork  Disease  or  Afplbb. 
<For  explaustioD,  see  p.  204.) 
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Plate  XIX, —  Youno  Apples  Affected  with  DboHTB  Stot, 
(For  explanation,  see  p.  204.) 
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Pl&ts  XX. —  Drouth  Spot  of  Apples 
(Fw  explanatioa,  see  p.  204.) 
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Plate  XXIII. —  PATRObooicAL  Histolcmjt  o 
Spot. 
(For  explanation,  see  p.  204.) 
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Platb  XXIV. —  Pathological  Hibtoldot  or  Dbouth  Spot. 
(For  expUnatkiD,  we  p.  205 ) 
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PlAn  XXVI.—  Dbodtb  EhB-BACK  or  Applz  TmiM. 
(For  explanation,  nee  p.  205.) 
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Plato  XXVII.—  Drouth  Dik-back  of  Afplb 

(For  eiEpUnstion.  see  p.  205.) 
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Plate  XXVIII.—  Dboutu  DtE-BACK  and  Drouth  Kosettk 

OF  Apple  Thxes. 

(Fcr  e^danatioQ,  ten  p.  206.) 
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Plate  XXIX. —  HtsTOLoar  of  AnnnciALLT  Pboduchd 

Lesions  on  Apples. 

(For  explanation,  Bee  p.  205.) 
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Pun  XXIV.—  Pathdlooicai.  Hibtoloot  of  DRorfa  Spot. 

Fig.  1.  Craea  section  thrmii^  tuperficial  drouth  spot  sbowing  wrinlclee  in  tbe 
■kin.  Dead  oells  ebown  by  dark  stippling  of  the  contents;  contents  of  healthy  aells 
not  ahown.  Note  th&t  tiu  dead  areas  occur  in  the  hollowa;  also,  their  reUticm  to 
the  Tasculor  system.     Outlined  with  the  aid  of  &  camera  lucida.     X  67. 

Rg.  2.  Cron  soetion  through  a  drouth  qwt  in  which  the  dead  area  is  moetly  in 
the  tiame  b^ndtional  between  hypodennis  and  cortex.  Note  the  relation  of  the 
meular  branches.    Outlined  with  the  aid  of  a  camera  lucida.     X  67. 

Pun  XXV.—  DnonTB  Die-Baoz  up  Astll  Twicb. 


PuTB  XXVI.— Dhouth  Do-Baox  of  Afflx  Twiw. 
Die-bnok  twigs  ol  the  previous  aeason  being  renewed  by  healthy  laterals  tnia 
the  base.     Photognphed  in  July,  1D15. 

Pun  XXVII.—  DBoura  Dib-Ba.ok  of  Ai-ru  Twiae. 

FTg.  1.  A  severely  aSected  tree  in  orchard  No.  1  with  the  diseased  branches 
lemoved.  This  tree  was  dug  vp  in  June,  1915,  for  an  examination  of  its  roots  which 
were  found  to  be  healthy.     (See  page  509.)     Photognphed  in  June,  1015. 

Fig.  2.  CiaeB  section  through  a  die-back  twig  showing  sone  of  parenchyma  wood, 
p,  between  two  layers  of  normal  wood,  x  x.  The  brown  discolored  areas  occupied 
by  intercellular  subatance  are  indicated  by  dark  shading.  Outlined  with  the  aid  of  a 
camcmi  ludda.    X  280. 

Pun  XXVm.— Dhoitte  Dix-Back  aud  Dbouth  Hobetti  or  Anu  Thxbs. 
ASeeted  tawB  in  orchard  No.  1.     Photographed  in  July,  1016. 

Pun  XXIX. —  HlSTOLOOT   OF  AsTiriClALLT   PSODUCZD   LiI8IOII8   ON   Apflbb. 

Fig.  1.    Croat  section  through  an  artificially  oroduoed  lesion  rssembling  drouth 

rt.    Outlined  with  the  aid  of  a  camera  lucidk.     X   215,     Compare  with  plate 
.fig.  2. 

Fig.  2.~  Cron  section  through  an  artificially  produced  lesion  resembling  drouth 
not.    OutUued  with  tte  aid  of  a  camera  lucida.     X  100.    Compare  with  Plate 
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IJME-SULPHUR  VS.  BORDEAUX  MIXTURE  AS 
A  SPRAY  FOR  POTATOES.    IV.* 


M.  T.  MUNN. 


SUMMART. 


The  ezperiment  described  in  this  bulletin  is,  in  flie  main,  a 
repetition  of  experiments  made  in  tgit,  1912,  1913  and  1914  and 
reported  in  bulletins  347, 353,  and  397.  The  results  agree  essentially 
with  those  previously  obtained.  They  show  &at  lime-su^ur  is 
harmful  rather  than  beneficial  to  potatoes. 

Bordeaux  mixture  prevented  tip-bum  to  a  considerable  extent, 
made  the  foliage  darker  green,  prolonged  the  period  of  groivth, 
increased  the  yield,  and  materially  checked  the  ravages  of  late 
blight  caused  by  the  fungus  Phytophthora  infeatanw. 

Lime-sulphux,  on  the  contrary,  aggravated  tip-bum,  dwarfed 
the  plants,  shortened  the  period  of  growth,  reduced  die  yield,  and 
proved  valueless  as  a  preventive  of  late  blight. 

In  this  five-year  series  of  experiments  the  average  increase  in 
yield  due  to  spraying  wifli  bordeaux  mixture  is  68.6  bushels  of 
maricetable  tubers  per  acre ;  while  the  average  deereate  in  yield  due 
to  spraying  with  lime-sulphur  solution  is  25.8  bushels  of  marketable 
tubers  per  acre. 

INTRODUCTION. 

Experiments  made  at  this  Station  In  1911,  1912,  1913  and  1914 
demonstrated  the  great  superiority  of  bordeaux  mixture  over  lime- 
sulphur  as  a  spray  for  potatoes.  The  results  of  these  experiments 
were  so  strikii^  as  to  leave  little  doubt  that  lime-eulphur  is  not  to 
be  recommended  for  use  on  potatoes.  Nevertheless,  it  was  deemed 
advisable  to  repeat  the  experiment  in  1915,  because  of  the  uncertainty 
concerning  the  value  of  lime-sulphur  as  a  preventive  of  late  blight 
{Phytopbihora  infesUms)  and  the  rot  which  follows  it.  In  the 
experiments  in  1911,  1913,  and  1914  there  was  neither  late  blight  nor 
rot.  In  tbe  1912  experiment  there  was  a  light  attack  of  blight 
followed  by  much  rot,  but  as  many  plants  in  the  lime-sulphur  rows 
were  already  dead  when  the  blight  appeared  no  data  on  the  fungi- 
cidal value  of  the  lime-sulphur  were  obtained. 

*  A  reprint  erf  Bulletin  No.  421,  Mft^t  lOlS. 
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Jones  and  GiddingB,*  GreeDe  and  Maoey,'  aod  Macoun,'  report 
experimeDts  in  which  lime-sulphur  jaoyed  beneficial  to  potatoes. 
In  the  Iowa  experimeDt,  lime-sulphur  solution  proved  to  be  a  better 
spray  than  the  bordeaux  mixture.  CllDton*  states  that,  in  Con- 
necticut, in  a  season  mth  a  little  injury  from  blight  late  in  the  season, 
qirayiDg  potatoes  with  commercial  Ume-sulphur  did  not  prolong 
the  life  of  the  vines  or  give  increased  yields,  while  sju^ying  with 
bordeaux  mixture  did.  Pethybridge  *  has  reported  the  results  of  an 
experiment  in  Ireland  in  which  three  applications  of  lime-sulphur 
solution  proved  utterly  useless  as  a  preventive  of  blight  and  rot. 
Melhus,*  wang  the  method  elaborated  by  Reddick  and  Wallace,' 
made  some  studies  of  the  fungicidal  value  of  conmiercial  lime-sulphur 
and  found  that  a  l-to-21  solution  was.  necessary  to  prevent  the  germ- 
ination of  the  spores  of  the  late-blight  fungus.  Similar  tests  made  by 
the  writer  using  the  glass-slide  method  indicated  that  l-to-40  lime- 
sulphur  had  but  little  toxic  effect  upon  the  germination  of  Phy- 
tophthora  spores.  However,  different  results  might  be  secured  in  the 
field  Bince  Morse  '  and  others  have  noted  that  laboratory  experiments 
may  ful  to  show  such  high  fungicidal  properties  for  certun  compounds 
as  are  indicated  by  field  experiments. 

THE  EXPERIMENT  IN  1915. 

PLAN,  UETHODS,  AND  IIATEBIALS. 

The  plat  of  land  devoted  to  the  experiment  in  1915  was  290  by 
45  feet.  It  contained  15  rows,  each  having  an  area  of  one-fiftieth 
acre.  The  fifteen  rows  were  divided  into  five  series  with  three  rows 
in  each  aeries.  Other  rows  of  potatoes  on  each  side  of  the  plat  made 
special  outside  rows  unnecessary.  Row  Na  1  of  each  series  was 
sprayed  with  bordeaux  mixture,  Row  No.  2  with  lime-sulphur, 
while  Row  No.  3  was  reserved  as  a  check. 

■Jaitt,L.R.,aiidGiddmg8,N.J.    Vt.Sta.  Bui.  142:112-114.    1909. 

■GreoM,  L^uid  ideaiey,  T.  J.     Iowa  Sta.  Bui.  149.     1914. 

*  Umouo,  w.  T.  Report  ot  the  Dominioa  Horticulturist.  Rpt.  of  Experimental 
Parma,  Caiuda,  1913,  p.  303. 

•Clinton,  G.  P.  Repot  of  the  Station  Botanist  1909-1910.  Conn.  Sta.  Rpt. 
1909-1910:743.    1911. 

■Pethybridge,  O.  H.  Inveetigations  on  Potato  Diaeasee  (Third  Report).  Jour. 
DtpL  Agr.  and  Ttdi.  lattr.  Ireland  12:339.     1912. 

•M«UiUB,  I.E.,  Wia.  Sta.  Rewarcb  Bui.  37:44-46.    1916. 

'Reddick,  D.,  and  Wallace,  E.    5eien«e,  n.  a.  31:798.    1910. 

■Hone,  W.J.    PKvtapaOuilon  6:n».    1910. 
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The  potatoes  were  of  the  variety  Sir  Walter  Ralegh,  and  the  seed 
pieces  were  placed  fifteen  inches  apart  by  the  use  of  gage-roda. 

On  July  3  when  the  plants  were  about  8  inches  high,  the  first 
application  of  the  spray  solutions  was  made,  using  the  6-6-50  bor- 
deaux mixture  and  the  l-to-40  lime-sulphur  scJution.  To  control  the 
"  bugs  "  ax  pounds  of  arsenate-of-lead  paste  was  added  to  each  fifty 
gallons  of  spray  mixture  used  in  the  second  application  on  July  19. 
On  the  same  date  the  check  rows  were  treated  with  the  same  amount 
of  arsenate  of  lead  in  water  with  equally  good  results. 

The  spray  solutions  were  applied  every  two  weeks.  A  knapsack 
B[sayer  was  used  and  the  solutions  applied  very  thoroughly  at  the 
rate  of  150  to  200  gallons  per  acre  in  each  application.  Five  appli- 
cations were  made  to  the  bordeaux  rows,  and  four  to  the  lime-eulphur 


EFFECT  OF  THE  SPRAT  MIXTURES  ON  THE  FOLIAOB  AND  THE  BUGHT. 

On  July  27,  following  approximately  three  weeks  of  fairiy  cool  and 
exceedingly  rainy  weather,  two  plants  showing  the  late-bl^t  fungus 
were  found  in  the  experimental  plat.  The  nimiber  of  infected  plants 
did  not  materially  increase  until  about  August  4  when,  followii^ 
another  period  of  very  rainy  weather,  the  fungus  spread  very  rapidly 
over  the  field.  The  disease  was  confined  almost  entirely  to  the 
Ume-sulphur  and  unsprayed  rows.  The  bordeaux-sprayed  rows 
showed  only  an  occasional  blighted  leaf  on  the  lower  branches. 

On  August  16,  at  the  time  of  the  fourth  spraying,  the  bordeaux 
rows  were  holding  heavy  green  foliage  and  showed  only  an  occasional 
blighted  leaf.  The  plants  in  the  lime-sulphur  and  unsprayed  rows 
were  badly  blighted.  So  many  were  dead  that  only  a  small  amount 
of  lime-sulphur  solution  was  required  to  cover  the  living  plants  in 
these  rows.  On  August  24  the  lime-eulphur  and  unsprayed  rows  were 
completely  dead  from  the  attacks  of  the  blight  fungus.  At  no  time 
was  it  possible  to  detect  any  fungicidal  value  from  the  lime-sulphur 
solution;  that  is  to  say,  the  lime-sulphur  rows  appeared  to  suffer  from 
the  blight  to  the  same  extent  as  did  the  unsprayed  rows.  The  l>ordeaux- 
sprayed  rows  were  put  to  a  severe  test  since  many  of  the  blighted 
plants  in  the  adjoining  rows  were  in  contact  with  plants  in  these  rows. 
In  fact  many  of  the  blighted  plants  had  fallen  amot^  healthy  plants  in 
the  bordeaux  rows.  In  spite  of  this  condition  only  a  few  bordeaux- 
sprayed  plants  showed  evidences  of  serious  blighting  until  late  in  the 
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sefison  wbeD  they,  also,  succumbed  to  the  blight.  These  rows  should 
have  been  sprayed  every  week  with  bordeaux  mixture  during  this 
exceedingly  favorable  bhght  season  instead  of  every  two  weeks.  If 
this  had  been  done  the  writer  feels  sure  that  the  late  bhght  would 
have  been  controlled,  since  an  adjacent  plat,  more  thoroughly 
sprayed,  showed  practically  no  late  blight. 

Owii^  to  the  fact  that  the  late  bhght  appeared  in  the  field  and 
killed  the  lime-sulphur  rows  rather  early  in  the  season  the  harmful 
effects  of  the  Hme-sulphur  solution  were  Dot  as  apparent  as  in  the 
previous  years'  experiments.  What  appeared  to  be  a  weakness 
of  the  stems  of  the  hme-sulphur-sprayed  plants  was  evident  on 
August  4  when,  following  a  severe  rainstorm,  it  was  ot^erved  that  the 
lime-sulphur  rows  showed  considerably  more  plants  blown  over  than 
was  evident  in  either  of  the  other  rows.  These  plants  regained  their 
upright  position  much  more  slowly  than  did  those  of  the  other  rows. 

A  form  of  leaf  injury  occurred  on  the  lime-sulphur-sprayed  plants 
after  the  application  of  lime-sul^rfiur  and  arsenate  of  lead.    It  was 


Table  I. —  Comparative  Yieldb  o 


Potatoes  Bprated  k 


AHD  LnfE-SULPHUB  DuRINO  1915. 


Yield  Per  Row. 


CoiiFiJTED  Yield  Per  Acre. 


Large.     Small.    RoUen. 


Large.    SmaU.    Rotten,    Total. 


1  BMde&ux  mixture. 

2  Lime^ulpbur. . 
SCbeck 

4  Bordeaux  mixture. 

5  Lime-eulpbur 

6  Check 

7  Bordeaux  mix 
8Lime-eulphur. 
gCheck 

10  Bordeaux  mixture. 

11  Lime-Bulphur.. 

12  Check 

13  Bordeaux  mixture, 

14  Lime-sulphur. . 

15  Chock 


242.5 
147.5 
157.5 
237.5 
130.0 
172.5 
218.0 
135,0 
149.5 
242.5 
135  6 
148.0 
21S.0 
125.5 
133.5 


33.5 
40.5 
32. S 

45.0 
41.5 
48.5 
6S.5 
55.0 
46,0 
51.0 
52.5 
40.0 


131.2 
197.9 
108.3 
143.7 
181.6 
112.5 
124.5 
202.1 
112.9 
123.3 
180.0 
104.5 
111-2 


31.6 

27.8 
33.4 
27.1 
37.5 
34.5 
40.4 
46,2 
45.8 


2.6  227.5 
0.4  146.2 
179.0 
223.2 
159.1 
170.7 
241.6 
155.6 
167.4 
214.9 
156.3 
143.8 
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observed  only  on  Bucb  leaves  as  showed  injury  from  the  attacks  of 
the  potato  beetles.  The  injury  consisted  of  a  drying  and  curUng 
oi  the  leaves. 


Table  I  shows  the  kind  of  treatment,  also  the  jrield  of  tubers 
as  determined  by  carefuDy  sorting  and  weighing  each  row  separately 
at  the  time  of  digging. 

DISCUSSION  OF  RESULTS. 
Hie  following  table  summarizes  the  results  of  the  five  seasons' 
tests  with  hme-sulphur  and  bordeaux  mixture  on  potatoes. 


Tasli  n.— Bummaby  or  RaapLia  op  Fnri  Sbabons'  TsBm 
AND  Bordeaux  Mixtubi  on  Potatobb. 

wrni 

UUK-SVLPBCB 

mi. 

1912. 

1913. 

1914. 

1915. 

Aver- 
age. 

Gain   per   mto   from   uae   ot   bordaaux 

Bu. 

100.3 
39  5 

Bu. 

48.2 
39-1 

fla. 

24.8 
19-7 

Bu. 

lU.O 
16.0 

B^ 

fit>. 

25.8 

The  results  obtuned  during  the  five  years  are  of  a  confirmatory 
character  and  tend  to  show  that  where  the  productive  life  <rf  the  potato 
field  was  continued  for  a  longer  length  of  time  than  usual  a  consider- 
able increase  in  yield  resulted.  The  decrease  in  yield  on  the  lime- 
sulphur  rows  was  due  to  the  dwarfii^  effect  of  the  solution  associated 
with  the  loss  of  foliage  during  the  latter  part  of  the  season.  The 
factors  influencing  or  causing  injury  to  potato  foliage  when  it  is 
sprayed  with  lime-sulphur  solution  are  thought  to  be  constant  since 
the  injury  each  season  appeared  to  be  similar  in  character  and 
cumulative  regardless  of  weather  conditions.  The  appearance  and 
behavior  of  the  leaves  sprayed  with  lime-sulphur  were  not  materidly 
different  from  those  described  by  Safro  ^  who  experimented  with 
potatoes  and  other  plants  in  Oregon  to  ascertain  what  compounds 
occurring  in  lime-sulphur  are  injurious  to  foU^e.  However,  in  our 
experiments  it  was  not  observed  that  the  old  leaves  were  the  most 
severely  injured. 
>  Safro,  V.  L    Ongoa  Sta.  Rflsearah  Bid.  2.    1913. 
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TUte  bordeaux  rows  held  their  foliage  several  daya  longer  thaD 
the  UDSprayed  rows  and  from  two  to  three  weeks  longer  than  the 
Gme-eulphur  rows;  hence  the  reeults  are  very  much  in  favor  of 
bordeaux  mixture.  ' 

CONCLUSIONS. 

The  relative  efficiency  of  the  two  sprays,  as  far  as  thdr  effect  upon 
the  potato  foliage  is  concerned,  can  be  definitely  stated.  Bordeaux 
mixture,  because  of  its  beneficial  influence  upon  the  leaves,  materially 
lengthens  the  productive  life  of  the  potato  plants  resultii^  in  a 
marked  increase  in  yield  of  tubers. 

The  results  of  the  past  season  show  very  plainly  that  lime-sulphur, 
at  the  dilution  used  in  the  experiments,  has  no  value  as  a  preventive 
(rf  potato  late  blight.  Moreover,  it  has  proven  to  be  injurious  to  the 
foliage. 

It  seems  certfun,  then,  that  llme-suIphur  cannot  be  used  as  a 
potato  spray.  On  the  other  hand,  it  pays  to  spray  potatoes  with 
bcffdeaux  mixture  because  the  bordeaux  mixture  prevents  tip-burn, 
prolongs  the  life  of  the  plants,  and  increases  the  yield  in  dry  seasons, 
while  in  wet  seasons  the  protection  against  late  bli^t  with  its 
resulting  tuber  rot,  may  result  in  marked  gtuns. 

RECOMMENDATIONS  FOR  SPRAYING  POTATOES  IN  1916. 

At  present,  the  price  of  copper  sulphate  is  extremely  high, —  above 
twenty  cents  per  pound.  This  is  unfortunate,  because  it  increases 
greatly  the  expense  of  spraying  and  will  deter  many  potato  growers 
from  spraying  during  the  coming  season. 

Under  present  conditions  the  advisability  of  spraying  potatoes 
with  bordeaux  mixture  is  a  debatable  question.  In  New  York,  on 
the  average,  one  can  not  afford  to  expend  more  than  about  fifteen 
dollars  per  acre  for  spraying  and  a  good  job  of  spraying  must  be 
done  if  it  is  profitable  at  that  price. 

With  spraying  materials  so  expensive,  they  should  be  used  to  the 
beet  possible  advantage.  To  this  end  the  writer  makes  the  follow- 
ing recoDuuendationa: 

(1)  Omit  the  early  applications.  Use  no  bwdeaux  until  after 
August  1.  If  the  weather  during  August  should  be  very  dry  spraying 
may  be  omitted  altt^ther;  but  if  showers  are  frequent,  and  psiv 
ticularly  if  blight  makes  its  appearance  in  the  vidnity,  it  will  be 


ilized  by  Google 


212  Kefobt  of  the  Oof abtuent  of  Botany. 

advisable  to  make  three  or  four  thorough  applications  at  intervals 
of  seven  to  tea  days.  In  order  that  there  may  be  no  delay  in  makii^ 
the  applications  when  they  become  necessary^  the  grower  should  know 
where  copper  sulphate  may  be  obtained  on  short  notice. 

(2)  Reduce  the  quantity  of  copper  sulphate  in  the  bordeaux 
mixture  to  three  pounds  in  fifty  gallons,  that  is,  use  the  3-3-50 
formula;  but  if  an  epidemic  of  blight  threatens  return  to  the  stronger 
formula  of  5-5-50. 

(3)  Use  nozzles  having  a  small  aperture  and  maintain  high  pressure 
in  order  to  secure  thorough  distribution  of  the  bordeaux  mixture. 

Concerning  the  advisability  of  using  some  of  the  ifeady-made 
bordeaux  mixtures  (of  which  there  are  several  kinds  upon  the  market) 
it  may  be  said  that  their  fungicidal  value  depends  upon  the  copper 
compounds  which  they  contain,  and  that  the  quantity  of  these  is, 
usually,  very  small.  While  appearing  to  be  cheap  they  are,  in  reality, 
very  dear.    In  general,  their  use  is  not  recommended. 
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REPORT  OF  THE  DEPARTMENT  OF 
CHEMISTRY. 


MEASUREMENTS  OF  SOIL  FERTILITY* 

W.  H.  JOEDAN. 
SUMMAR7. 

1.  JGna  unlike  soils  were  brought  to  ttie  Station  in  quantity 
from  different  parts  of  tiie  State  for  tiie  purpose  of  studying  the 
relation  of  tiie  various  melliods  of  chemical  examination  to  their 
CTDp-producing  capacity. 

2.  Vegetation  experiments  were  conducted  witii  tiiese  soils  in 
the  Station  forcing  house  during  two  years. 

3.  The  soils  were  submitted  to  chemical  examination  by  different 
methods: 

a.  Complete  analy^. 

b.  A  determination  of  the  material  soluble  in  hydrochloric 
add  of  the  specific  gravity  of  1.115  by  the  A.  0.  A.  C.  metiiod. 

c.  A  determination  of  the  materials  rendered  soluble  by  con- 
tinued leaching  for  ten  days  with  various  solvents,  namely, 
water,  N/300  HCl  and  IT/35  HCl. 

d.  A  determination  of  the  soluble  material  obtained  by  shak- 
tng  five  hours  with  various  solvents,  namely,  water,  N/300  HCl, 
and  If/35  HCl. 

4.  These  soils  showed  by  the  vegetation  tests  greatly  unlike  crop- 
producing  capacity,  tiie  dry  matter  produced  varying  in  two  years 
from  161.5  grams  per  box  to  9.4  grams  per  box. 

5.  By  no  one  of  the  methods  of  chemical  examination  was  there 
established  any  relation  between  the  amounts  of  nitr(%en,  phos- 
phoric add  and  potash,  either  total  or  soluble,  and  crop-producing 
ciqMdty. 

6.  There  appeared  to  be  some  relation  between  the  total  soluble 
matter  in  the  soil  and  productiveness,  to  the  extent  that  the  two 
soils  giving  a  very  low  yield  of  barley  showed  greatiy  less  solu- 
bility than  did  the  others.  This  relation,  however,  was  not  consistent 
tiinnighout. 

7.  The  general  result  of  this  investigation  shows  that  we  are  not  yet 
in  a  position  timmgh  laboratory  metiiods  so  far  devised  to  measure 
the  fertiUty  of  the  sofl. 

*  A  reprint  of  BuUetio  No.  424,  Augurt,  191S. 
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INTRODUCTION. 

Much  investigation  has  been  directed  toward  the  establishment 
of  reliable  measurements  of  soil  fertility.  Many  persons  seem  to 
regard  it  as  desirable  that  this  be  done  in  order  that  there  may  be 
determined  for  any  given  soil  its  capacity  to  sustain  (Jant  produc- 
tion and  its  deficiencies  that  should  be  met  through  the  appli- 
cation of  fertiUziog  material.  It  is  not  certain,  however,  that  it 
would  be  of  axivantage  to  farmers,  as  a  rule,  to  give  to  them  direc- 
tions for  maintaining  soil  fertility  that  are  worked  out  without 
any  initiative  or  effort  on  their  part.  It  is  true  that  no  request 
is  more  often  made  of  this  Station  than  to  have  a  sample  of  soil 
analyzed  in  order  to  determine  what  fertilizer  should  be  used  to 
supplement  its  weak  places  and  to  what  crop,  or  crops,  it  is  adapted. 
There  seems  to  be  a  very  widespread  impression  that  it  is  now  pos- 
sible by  laboratory  methods  to  ascertain  just  what  procedure  should 
be  adopted  in  order  to  increase  the  crop-producing  power  of  a  given 
field.  This  impression  persists  notwithstanding  the  repeated  asser- 
tions from  scientific  sources  that  no  methods  of  analysis  are  now 
known  which  will  give  such  measurements  of  fertility  as  will  con- 
stitute a  safe  basis  for  practice.  Notwithstandii^  aU  this,  it  is 
regarded  desirable  from  the  standpoint  of  the  investigator  to  estab- 
lish, if  possible,  some  relation  between  laboratory  results  and  fidd 
results.  It  was  for  the  purpose  of  getting  additional  light  in  this 
du^ction  that  the  investigation  herein  reported  were  outlined. 
PLAN  OF  woas. 

The  plan  adopted  in  this  investigation  was  to  secure,  from  differ- 
ent parts  of  the  State  of  New  York,  a  sufficient  quantity  of  unlike 
soils  to  enable  production  experiments  to  be  conducted  with  each  soil 
in  connection  with  elaborate  chemical  studies.  In  pursuance  of 
this  plan,  the  following  soils  were  secured.  For  the  collection  and 
shipment  of  four  of  these  soils,  I  am  indebted  to  Professor  J.  A. 
Bonsteel.  The  chemical  work  involved  in  this  inveet^ation  was 
performed  by  E.  B.  Hart  and  E.  L.  Baker. 

The  following  is  a  description  of  the  soils  used  so  far  as  it  is  pos- 
sible to  give  it,  the  descriptions  for  the  first  three  and  fifth  being 
-furnished  by  Professor  Bonsteel : 

No.  1894- — A  brown  or  yellow  sandy  loam,  six  to  ten  inches 
deep,  resting  on  yellow  or  gray  sandy  loam  and  gravel.  It  contains 
fiat  shale  and  a  few  glacial  erratics.    It  is  of  glacial  orifpn.    It  is 
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a  good  aoil  for  com,  oata  and  potatoes.  It  is  fouDd  in  Chautauqua 
and  TompkinB  counties.  The  aampte  was  collected  on  the  farm 
of  D.  H.  HopktQH,  four  miles  northwest  of  Ithaca,  N.  Y.  The  field 
was  com  stubble,  fertilized  the  previous  year  with  fifteen  loads  of 
dieep  and  hog  manure  per  acre.  No  commercial  fertilizer  was 
used.  The  rotation  that  was  followed  was  com,  oats,  wheat,  fol- 
lowed by  seeding  to  grass.  The  sample  consisted  of  the  light  brown, 
gravelly,  sandy  loam  taken  to  a  depth  of  eight  inches. 

No.  1895. — A  brown,  silty  loam,  ten  inches  deep,  resting  on  a 
heavy  yellow  or  mottled  gray  and  yellow  silt  loam,  having  a  depth 
of  two  feet;  this,  in  turn,  resting  on  shale  and  sandstone  rock.  Soil 
and  sub-soil  contain  very  large  amounts  of  shale,  and  sandstone 
fragments.  This  soil  occupies  the  highest  hills  and  rolling  plateaus 
of  the  southern  tier  from  Broome  county  to. Chautauqua  county. 
Crops  grown  are  oats,  grass,  buckwheat,  potatoes,  rye  and  small 
amounts  of  com  and  wheat.  Good  apple  orchards  are  foimd  on  this 
soil.  The  sample  of  soil  was  taken  from  the  farm  of  Mr.  J.  J.  Pres- 
wick,  about  three  miles  southeast  of  Ithaca,  N.  Y.  The  field  was 
a  potato  field  that  gave  a  yield  of  about  150  bushels  per  acre  with 
no  application  of  a  fertilizer  of  any  kind.  The  previous  yields  were 
potatoes  100  to  150  bushels;  oats,  30  bushels;  grass,  a  scant  ton 
per  acre  and  buckwheat,  12  to  15  bushels.  This  field  had  been  cleared 
eighty  years  and  no  fertilizer,  either  stable  manure  or  commercial, 
had  ever  been  used. 

No.  1896. —  A  brown  or  black  loam,  six  to  ten  inches  deep,  resting 
on  a  heavy  yellow,  silty  loam  containing  numerous  shale  fragments 
Bad  having  a  depth  of  three  feet  or  more,  this,  in  turn,  underlain 
by  shale  rock.  This  soil  occurs  typically  developed  on  rolling 
uplands,  but  extends  to  lower  levels  along  streams  and  lakes.  It  is 
derived  from  glacial  material.  It  is  found  in  Ashtabula  county, 
Ohio,  Chautauqua,  Tompkins  and  Cayuga  counties,  New  York, 
and  intermediate  localities  at  from  12  to  2,000  feet  above  sea  level. 
In  New  York,  it  is  the  basis  of  the  dairying  and  general  farming 
industries.  The  sample  was  collected  on  the  farm  of  Charles 
Norris,  about  three  miles  northeast  of  Ithaca.  The  field  was  com 
stubble  and  was  maniu-ed  the  previous  year  with  twenty-five  loads  of 
stable  manure.  No  commercial  fertilizer  had  been  used  on  the  field 
in  twenty  years.  The  rotation  was  corn,  oats  and  grass.  The  yields 
<tf  com  were  from  100  to  125  bushels  of  ears  per  acre;  oats,  40 
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bushelB;  grass,  1}  to  2  tons  per  acre.     The  field  had  been  cleared  at 
least  seventy-five  years.    The  sample  consisted  of  a  brown  loam, 
fairly  well  granulated  and  contained  a  considerable  amomit  of  large  '' 
flat  ahale  and  a  high  percentage  of  small,  fiat  shale  chips. 

No.  1898. —  This  soil  was  a  yellow  to  brown  cJay  loam,  six  to 
twelve  inches  deep,  underlain  by  mottled  joint  clay  to  a  depth  of 
six  feet  or  more,  this,  in  turn,  underlain  by  boulder  clay  or  by  rock, 
occasionally  underlmn  by  gravel.  This  is  a  glacial  lake  sediment 
deposited  in  quiet  water  and  is  associated  with  gravelly  loams  and 
sandy  loams  of  umilar  origin.  In  some  areas,  this  type  of  soil  b 
badly  drained.  The  crops  produced  on  it  are  wheat,  oats  and  grass. 
Com  and  buckwheat  are  raised  to  less  advantage.  It  is  a  tj^ical 
Concord  grape  soil  under  favorable  climatic  conditions  and  with 
good  drainage.  It  occurs  along  Lake  I>ie  in  Ashtabula  county, 
Ohio,  and  in  Chautauqua  county,  N.  Y.  It  is  widely  distributed 
in  small  areas  in  northern  central  New  York  and  around  the  "  Fing^ 
Lakes."  The  sample  was  taken  from  a  corn  field  on  the  Cornell 
University  fairm  about  300  yards  south  of  the  new  filtration  plant. 
On  this  type  of  soil,  Professor  Roberts  secured  his  wheat  yields 
of  forty  bushels  per  acre  and  over,  the  hay  yields  being  from  three 
to  four  per  tons  acre  in  1904. 

No.  1897. —  The  soil  on  the  Station  farm  is  a  rather  heavy  clay 
loam  and  probably  is  quite  similar  to  the  soils  classed  as  Dunkirk 
clay.  The  sample  used  was  taken  from  the  upper  eight  inches 
of  a  garden  that  had  been  used  for  a  number  of  years  for  the  pro- 
duction of  small  fruits,  particularly  strawberries. 

No.  1900.—  The  sample  of  soil  used  was  taken  from  the  farm  of 
J.  V.  Salisbury  &  Son,  near  Phelps,  N.  Y,  This  farm  falls  within 
the  Onondaga  limestone  region. 

No.  1901. —  The  soil  used  from  this  r^on  was  taken  on  the 
faim  of  F,  A.  Sirrine,  near  Riverhead,  N.  Y.  It  should  be  classed 
as  a  sandy  loam,  althoi^h  it  is  not  possible  to  state  from  existing 
information  what  class  of  sandy  loams  it  falls  into  according  to  the 
clasmflcatioD  of  the  Bureau  of  Soils. 

No.  190Z. —  The  town  of  Walton  is  situated  in  Delaware  county, 
a  region  that  is  classified  as  to  its  geol<^cal  characteristics  as 
Catsldll  sandstone.  The  sample  used  was  taken  from  the  farn> 
of  Nathan  Jenkins  which  is  located  in  Walton. 
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CROP  PRODUCTION  ON  THE  UNFERTILIZED  SOIIfi. 

As  previoualy  stated,  the  purpose  of  this  investigation  is  to  com- 
pare the  actual  productiveness  of  the  soils  in  question  with  the 
tesults  obtained  through  chemical  methods.  In  order  to  secure  this 
compaiison,  a  crop  of  barley  was  grown  in  the  forcing  house  on  the 
unfertihzed  soils  during  each  of  two  seasons,  the  same  lot  of  soib 
being  used  both  seasons,  that  is,  the  crop  for  the  second  season  was 
grown  on  the  same  soil  as  was  used  for  the  first  season.  Wooden 
boxes  were  used,  15  inches  square,  inside  measurement.  The  soil 
was  prepared  as  indicated  on  page  394 :  40  pounds  of  soil  were 
weired  into  each  box,  8  pounds  of  coarse  sand  and  4  pounds  of 
fine  sand  being  used  in  the  bottom  of  each  box  for  drainage. 
The  boxes  were  watered  with  distilled  water.  It  has  been  stated 
by  the  Bureau  of  Soils  of  the  United  States  Department  of 
Agriculture,  that  distilled  water  is  toxic  to  plants.  No  such  effect 
was  observed  in  this  instance.  This  water  was  distilled  from  the 
city  supply,  the  source  of  which  is  mostly  Seneca  Lake.  The  crop 
grown  was  barley,  which  was  allowed  to  develop  to  maturity. 
Duplicate  hox.es  without  fertilization  w«%  used  with  each  soil  and  the 
results  show  a  very  satisfactory  agreement  of  production.  The  pro- 
duction of  dry  matter  for  each  of  the  two  years  and  the  total  amount 
for  the  two  years  for  each  of  the  nine  soils  are  given  in  Table  I. 
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It  is  to  be  noted  that  the  growth  of  barley  on  the  unfertilized 
soils  with  part  of  the  soils  is  quite  different  the  second  year  from 
what  it  was  the  first.  This  is  markedly  the  case  with  soil  No.  1899 
^id  to  a  lesser  degree  with  several  others.  Certain  broad  dif- 
ferences were  maintained,  however,  as  is  seen  in  the  relatively 
low  production  both  years  of  soils  Nos.  1900,  1901,  1902.  The 
variation  of  the  results  of  the  second  year  from  those  of  the  first 
is  explained  most  naturally  through  changes  brought  about  in 
the  soils  by  producing  one  crop  on  them  and  then  holding  them 
during  an  entire  summer  in  a  fallow  condition.  It  would  seem 
most  rational  to  use  the  entire  production  for  the  two  years  as  a 
basis  of  comparison  with  the  analytical  results  to  be  given  in  what 
follows. 

CHEMICAL  INVESTIGATIONS. 
The  chemical  studies  of  these  soils  were  the  following: 

1.  A  complete  analysis  of  the  soils. 

2.  A  determination  of  the  materials  soluble  in  hydrochloric 

acid  sp.  gr.  1.115  by  the  A.  0.  A.  C.  method. 

3.  A  determination  of  the  materials  rendered  soluble  by  con- 

tinuous leachit^  for  ten  days  with  various  solvents,  water, 
N/200  HCl  and  N/25  HCl. 

4.  A  determination  of  the  soluble  material  obtained  by  shaking 

for  five  hours  with  various  solvents,  water,  N/aW  HCl, 
and  N/25  HCl. 

PREPARATION  OF  BOIL. 

In  order  to  secure  the  samples  as  well  as  to  prepare  the  soils  for 
^cperiments  in  the  forcing  house,  each  soil  was  sifted  first  through 
a  one-half  inch  mesh  sieve  and  finally  through  a  sieve  of  one-fourth 
inch  mesh.  In  this  way,  stones,  turf,  sticks  and  other  coarse  and 
foreign  materials  were  removed.  The  whole  mass  of  soil  was  then 
shoveled  over  many  times  until  it  was  entirely  homogeneous. 
Samples  were  then  taken  for  analysis. 

COHPLETi:   ANALTSIS   OF  THE  BOU£. 

By  the  method  adopted,  the  entire  amount  of  each  ingredient 
present  in  the  soil  was  determined  and  the  results  are  shown  in 
Table  II. 


ilized  by  Google 


New  York  AoRicnLTURAi.  Expebiubnt  Station. 
Table  n.— Complstb  Analtbis  of  thb  Soils. 


r 

a.(h. 

CO. 

M^. 

J&O. 

Nrf) 

FbO, 

AW)., 

Ptfh. 

SOt 

CO,. 

N. 

L«iD 

«guio 
matler. 

ISM 

Pit 

75 

05 

^%.f7 

Ptr 

30 

P--K. 

P«- 

tl 

P«- 

d. 

Pn- 

2^7 

P^ 

^ 

P^ra. 

Prra. 

.36 

Ptra. 
.242 

Pirn. 

T.ai 

1S&5 

75 

47 

3.02 

59 

1.11 

&e 

81 

88 

20 

082 

26 

,« 

13 

189* 

76 

20 

2.98 

62 

1.08 

70 

07 

00 

20 

076 

21 

IK 

84 

1«9T 

7* 

01 

3.B0 

67 

1,95 

02 

19 

66 

22 

088 

10 

m 

86 

1898 

74 

.68 

46 

,80 

1 

21 

40 

11 

22 

24 

102 

12 

I.I 

11 

13W 

M 

48 

2.07 

1 

00 

,72 

2 

28 

' 

07 

14 

OB 

21 

093 

13 

18! 

30 

1900 

74 

1,47 

96 

1.07 

96 

^ 

88 

12 

17 

16 

064 

2S 

OM 

71 

1901 

90 

.63 

7S 

,27 

69 

04 

2 

41 

12 

O40 

15 

063 

37 

i«oa 

70 

04 

.64 

76 

.70 

84 

• 

22 

12 

63 

22 

096 

25 

'" 

33 

COMUENTS    ON    THK    COHPOSITIGN    OF    THE    SETEKAL    SOILS    AND    ITS 
BELATION   TO   FEETIUTT. 

The  complete  analyBis  of  the  several  soils  shows  marked  differences 
in  composition.  The  most  prominent  of  these  differences  are  the 
high  silicic-acid  content  No.  1901,  and  the  low  percentage  of  this 
compound  in  Ko.  1899.  The  difference  in  the  other  soils  in  this 
respect  is  not  marked.  Samples  Nob.  1898,  1901  and  1902  showed 
a  very  low  percentage  of  calcium  oxide  and  Nos.  1901  and  1902 
a  low  percentage  of  nearly  all  the  bases.  The  percentage  of  sulphur 
is  especially  low  in  Nos.  1900  and  1901.  Nos.  1898,  1899,  1901 
and  1902  apparently  have  a  high  percentage  of  aluminum  silicate. 
When  we  consider  the  three  elements  that  are  given  commercial 
value  in  fertilizers  —  nitrogen,  phosphorus  and  potassium  —  we 
find  marked  differences,  the  lowest  percentages  of  all  of  these  elements 
being  found  in  No.  1901,  Nos.  1898, 1899,  1901  and  1902  ranking 
below  the  others  in  potassium  and  No.  1900  lowing  a  relative 
deficiency  in  phosphorus.  The  soils  compEU-atively  low  in  nitrogen 
are  Nos.  1900  and  1901. 

Table  III  shows  the  results  of  a  complete  analysis  of  the  nine 
soils  under  inveetigation,  and  also  the  production  of  barley 
obtained  from  these  soils  during  two  seasons,  the  last  c(dunui 
givii^  the  total  production  for  two  years.    At  first  glance,  it  might 
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seem  that  the  largest  production  is  obtained  from  these  soils  that 
have  the  largest  percentages  of  certtun  ingredients.  Close 
examination,  however,  reveals  such  exceptiooB  to  this  generalization 
as  to  render  it  untenable.  The  largest  production  for  the  two 
years  was  with  No.  1898  and  it  is  noteworthy  that  percentages 
of  the  oxides  of  calcium,  magnesium,  potassium,  phosphorus  and 
nitrogen  are  essentially  the  same  in  this  soil  as  in  No.  1902,  which 
gave  the  lowest  production,  practically  one-eighteenth  as  much 
as  No.  1898.  Possibly,  it  should  be  re^rded  as  significant  that 
Nos.  1900  and  1901  contained  relatively  small  percentages  of 
phosphorus  and  potassium.  It  cannot  be  said,  however,  that,  in 
the  cose  of  these  nine  soils,  a  complete  analysis  gives  a  basis  for 
judgment  as  to  relative  fertility,  or  as  to  the  fertilizers  that  should 
be  applied  to  strengthen  the  crop-producing  capacity. 
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DBTBBMINA'nONS  OF  SOIL  COMPOSITION  BY  THE  A.  O.  A.   C.  UETHOD, 
HSINQ  HCL  BPSCIFIC  GRAVITY   1.U5. 

This  method  consists  in  the  determination  of  the  aoQ  ii^redients 
soluble  in  hydrochloric  acid,  specific  gravity  1.115,  when  the  soil 
is  digested  with  the  acid  continuously  for  ten  hours  at  a  temperature 
of  boiling  water.  The  determinations  of  the  various  substances 
in  this  solution  were  made  in  accordance  with  approved  methods. 
The  results  are  given  in  Table  IV. 


ilized  by  Google 


New  York  Aokicultural  Experiment  Station. 


Tabli  IV 
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*  The  peroentagw  of  nitrogec  given  in  Tables  IV  and  V  rspreseDt  the  total  present. 
COUHBNTe   ON  RESULTS  WITH  A.   O.  A.   C.   ICETHOD. 

This  insoluble  residue  left  after  treating  the  soils  with  HCl  .specific 
gravity  1.115  according  to  the  A.  O.  A.  C.  method  is  not  greatly 
unlike  in  the  several  samples  with  the  exception  that  it  is  very 
large  in  No.  1901  and  considerably  below  the  average  in  No.  1902. 
The  substances  that  are  commercially  most  important  in  plant 
nutrition  were  dissolved  in  much  the  smalleet  proportions  from 
No.  1901.  A  relatively  small  proportion  of  potassium  was  also 
extracted  by  this  method  from  Nos.  1804  and  1901,  the  percentages 
of  phosphorus  taken  out  being  quite  uniform  excepting  the  low 
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perceatoge  from  No.  1901  and  the  high  percentage  from  No.  1S94.  The 
percentages  of  the  soil  ingrediente  dissolved  by  the  hydrochloric  acid  of 
the  strength  specified  are  much  more  uniform  than  are  the  total  per- 
centages of  these  ingredients  In  the  soils.  Measurements  of  soil  fertility 
by  the  two  forms  of  analysis  would  result  in  quite  unlike  conclusions. 
If  No.  1901  were  considered  merely  in  comparison  with certainothers, 
it  would  seem  that  a  relatively  low  percentage  of  calcium,  magnesium, 
potassium,  phosphorus  and  nitrogen  extracted  by  this  method  is  in- 
dicative of  a  corresponding  low  state  of  fertility.  When,  however,  we 
compare  No.  1S96  with  No.  1902  and  note  the  similarity  of  results  by 
this  form  of  analysis  and  at  the  same  time  observe  the  wide  variation 
in  productiveness,  we  are  led  to  conclude  that  this  method  of  analysis 
does  not  give  accurate  measurements  of  fertility.  No.  1898  appears 
to  have  little  advantage  as  to  composition  over  No.  1895,  but  is 
clearly  superior  in  productiveness  as  ia  shown  by  two  years'  crops. 

UATESIAI^    RENDERED    SOLUBLE    BT    CONTlHUOUS    PERCOLATION    OF 
SOIia  FOR  TEN   DAYS  WITS  VARIOUS  30LVENTB. 

ResiiUa  of  percolation  for  ten  days  vnth  distiiled  water. —  It  is  well 
known  that  a  very  large  proportion  of  the  constituents  of  the  soil  are 
in  a  highly  insoluble  form.  It  is  also  true  that  plants  can  feed  only 
on  compounds  that  are  in  some  way  brought  into  solution.  It  is 
obvious,  therefore,  that  the  extent  and  rate  of  solution  in  any  given 
soil  have  an  important  bearing  on  the  capacity  of  the  soil  to  nourish 
plant  life.  This  is  true  whether  the  solutions  are  of  the  ordinary 
physical  character  or  are  caused  by  what  may  be  called  the 
reactions  of  the  plant  roots.  Heretofore,  attempts  have  been 
made  to  measure  soil  fertihty  by  brief  treatment  with  water, 
namely,  by  shaking  a  quantity  of  soil  in  a  given  volume  of  water 
for  three  minutes  and  after  standing  twenty  minutes,  drawing  off 
the  supernatant  hquid  and  determining  the  amount  of  the  various 
substances  that  have  entered  into  solution.  Work  done  by  tiie 
Bureau  of  Soils  indicated  that  soluble  materials  obtained  in  this  way 
bore  no  consistent  relation  to  fertility.  It  appears  that  the  con- 
centration of  soluble  materials  in  soil  moisture  is,  in  general,  quite 
alike  for  sH  soils.  The  capacity  of  a  soil  to  rapidly  and  continuously 
renew  the  soluble  material  contained  in  the  soil  moisture  does  not 
seem  to  have  been  considered  and  on  theoretical  grounds  this  would 
appear  to  be  an  important  factor.  It  was  for  the  purpose  of  studying 
this  particular  point  that  the  several  soils  under  experimentation 
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were  submitted  to  continuous  leachii^  for  ten  days.  The  method 
followed  was  to  percolate  continuously  500  grams  of  wr-dried  soil, 
the  percolation  being  so  r^ulated  that  500  c.  c.  of  filtrate  was 
delivered  each  twenty-four  hours.  Determinations  of  the  soluble 
materials  in  each  day's  filtrate  were  made.  The  resulte  may  be 
seen  in  Table  VI. 

Tabu  VI.—  CotnnnroTO  Pcbooutioit  or  Soils  with  VTatmr  for  10  D&n. 
(Parts  jMluble  b  1,000,000  of  soU.) 
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COlOfENTB  ON  THE  RESULT  OF  PBBCOLATING  THE  SEVERAL  SOUS  WITH 
WATER. 

The  several  soils  show  very  unlike  proportions  of  solubles  by 
this  method.  For  instants,  there  was  dissolved  by  the  first  day's 
treatmeot  from  the  No.  189S,  1356  parts  of  dry  matter  per  million 
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of  8oQ,  and  during  the  ten  days'  continuous  percolation,  2382  parts, 
wliile  No.  1901  yielded  from  the  first  day's  percolation  only  270 
parts  per  million  of  soil  and  from  ten  days'  treatment,  only  634 
parts.  These  general  differences  apply  both  to  the  organic  and 
inoi^anic  substance  dissolved.  In  general,  larger  proportions  of 
potassium  compounds  were  dissolTed  during  the  first  day  than 
OD  wjy  subsequent  day.  With  a  majority  of  the  soils,  there  was 
a  BCMuewbat  regular  diminution  of  solution  of  potassium  compounds 
during  the  ten  days'  treatment.  With  the  phosphorus  compounds, 
no  excess  of  solution  was  observed  for  the  first  day  and  the 
amount  given  up  per  day  was  quite  uniform  throughout  the 
ten  days  and  witi  all  the  soils.  As  has  been  previously 
obsoved,  percolation  with  water  dissolves  much  smaller  amounts 
of  phosphorus  compounds  from  the  soils  than  is  true  of  the 
potassium  compounds.  *  The  amounts  of  potassium  compoimds 
and  phosphorus  compounds  dissolved  by  this  treatment  either 
during  the  first  day,  or  during  the  entire  ten  days,  bore  no 
conastent  relation  to  the  proportion  of  these  compounds  in  the 
soils. 
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It  had  been  hoped  that  the  measurements  most  indicative  of 
relative  fertility  would  be  obtained  by  percolation  with  water  and 
veak  acids.    The  foregoing  figures  show  the  parts  per  million  leached 
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from  the  several  soils  during  tweDty-four  hours'  continuous  peiv 
eolation  with  water.  It  can  be  seen  at  a  glance  that  so  far  as  the 
phoaphoric  acid  and  potash  are  concerned,  the  amounts  brought 
into  solution  have  no  significance  whatever  as  an  indication  of 
relative  fertihty.  There  does  appear  to  be,  however,  some  relation, 
though  not  very  definite,  between  the  amount  of  soluble  matter 
leached  from  the  aoils,  especially  the  organic  portion,  and  the  crop 
production.  It  is  particularly  true  in  the  case  of  Nos.  1900,  1901, 
and  1902  that  a  low  amount  of  soluble  oiganic  matter  accompanies 
low  productive  capacity.  In  the  case  of  the  other  soils,  the 
gradations  of  solubility  of  organic  matter  and  productiveness  are  to 
some  extent  consistent  with  each  other.  The  same  ia  more  (u* 
less  true  of  the  inorganic  soluble  matter,  but  the  relation  is  not 
as  close. 
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The  continuous  percolation  of  soil  with  water  for  ten  days  gives 
results  with  the  various  soils  relatively  quite  similar  to  those  obtained 
by  twenty-four  hours'  percolation.  While  there  is  a  marked  increase 
in  the  amount  of  organic  matter  dissolved,  the  increase  in  the  inor- 
ganic matter  is  still  greater.  There  is  the  same  apparent  relation 
between  the  amounts  of  organic  matter  brought  into  solution  and 
the   productiveness.     As   was   shown   with   the   twenty-four   hour 
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percolation,  there  is  no  definite  relation  between  the  amounts  of 
phosphoric  acid  and  potash  dissolved  and  the  production  of  barley 
dry  matter,  although  it  is  true,  as  was  the  case  with  the  shorter 
time  of  percolation,  soil  No.  1902,  which  is  the  least  productive, 
yields  the  smallest  amounts  of  these  two  ingredients.  On  the  other 
band,  No.  1901  which  showed  a  very  low  rate  of  production,  gave 
up  to  this  extended  percolation  more  phcraphoric  acid  and 
potash  than  No.  1898  which  shows  the  highest  productiveness. 
It  was  hoped  that  in  the  capacity  of  these  soils  to  renew 
rapidly  the  soil  solutions  would  be  found  some  measurement 
of  relative   productiveness,    but   this   does  not  seem  to  be  the 


RESULTS   OF  PERCOLATION   WITH   n/200   HCL. 

Many  attempts  have  been  made  to  stimulate  the  feeding  action 
of  the  roots  of  plants  by  soils  with  a  dilute  acid  of  one  kind  or  another. 
Investigations  have  been  carried  on  with  organic  acids,  such  as 
citric.  In  this  inquiry  very  dilute  hydrochloric  acid  was  used, 
the  percolation  being  accomplished  in  the  same  general  manner 
as  with  distilled  water,  namely,  by  treating  500  grams  of  soil  with 
N/200  acid  so  that  500  grams  of  filtrate  was  discharged  each 
twenty-four  hours.  The  results  of  this  treatment  may  be  found 
in  Table  IX. 
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COMMBNIH  ON  EBStJLTB  FROM  PEBCOLATION  WITH  N/200  HCL. 

Percolation  for  H4  hours. —  Ab  was  the  case  with  water  percolation, 
the  total  amount  of  material  dissolved  by  the  weak  acid  during 
the  first  day  wae  greatly  in  excess  of  the  total  solubles  on  any  Bucceed- 
ing  day.  After  the  first  day,  however,  the  amount  of  dry  matter 
brought  into  solution  daily  by  the  weak  acid  did  not  diminish  as 
rapidly  as  was  the  case  with  the  water  percolation.  Differences  in 
the  solubility  of  the  various  soils  with  the  weak  acid  were  as  marked 
as  with  the  water.  To  illustrate,  No.  1898  gave  up  the  first  day 
with  the  acid  1,647  parts  per  million  of  soil  and  in  the  ten  days, 
5,646  parts,  whereas  No.  1901  soil  gave  up  only  662  paxts  and  durit^ 
the  ten  days,  only  3,258  parts.  While  the  weak  acid  was  much 
more  effective  in  dissolving  potassium  compounds  than  was  the 
water,  it  is  a  remarkable  fact  that  the  solubUity  of  phosphorus 
compounds  was  less  in  many  cases  with  the  former  solvent.  As 
was  the  case  with  the  water  percolation,  the  proportions  of  phos- 
phoruB  compounds  dissolved  were  quite  uniform  throughout  the 
ten  days  and  the  amount  given  up  daily  was  fully  as  much  during 
the  last  days  of  percolation  as  during  the  first.  With  the  potassium 
compounds,  on  the  contrary,  the  first  day's  solution,  in  general, 
exceeded  that  of  any  one  of  the  last  two  or  three  days.  The  rate 
of  solution  did  not  drop  after  the  first  day  as  rapidly  as  with  water, 
indeed  in  several  instances  larger  amounts  were  dissolved  with  the 
weak  acid  after  several  days'  percolation  than  on  the  first  day. 

It  is  interesting  to  compare  a  very  weak  acid  with  water  as  solvents 
in  the  study  of  soil  fertility.  As  with  water  treatment,  though 
in  a  less  degree,  there  appears  to  be  some  relation  between  the 
amount  of  oigsnic  matter  dissolved  by  the  N/200  acid  and  pro- 
ductiveness. No  relation  is  evident,  however,  between  the  amounts 
of  phosphoric  acid  and  potash  brought  into  solution  by  the  acid 
and  the  crop-producing  power. 

No.  1901  gave  up  to  the  acid  more  potassium  and  as  much  phos- 
phorus as  did  No.  1898  althoi^h  the  crop  of  barley  from  the 
former  was  less  than  one-tenth  as  large  as  from  the  latter. 

Percolation  for  10  days. —  The  solubilities  of  the  various  soils 
through  their  continued  percolation  with  N/200  acid  for  ten  days 
vary  less  widely  than  is  shown  from  percolation  of  the  soils  with 
the  same  acid  during  twenty-four  hours.  It  can  not  be  said  that 
this  long  continued  treatment  ffvcB  results  that  indicate  ^tber 
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the  relative  value  of  the  soils  or  the  treatment  necessary  to  increase 
fertility.  It  should  be  said,  however,  that  the  solubility  of  the 
inorganic  matter  in  soil  No.  1901  and  soil  No.  1902,  which  give 
very  low  yields,  is  very  low  as  compared  with  the  other  soils.  There 
is  the  same  tendency  to  a  low  solubility  of  the  potash  and  phos- 
phoric acid,  although  in  the  case  of  No.  1901,  the  phoephonc  acid 
stands  in  mariced  exception  to  this  statement.  This  long  continued 
treatment  with  the  wealc  acid  appears  to  be  no  more  hopeful  than 
the  other  methods  as  a  means  of  measuring  soil  fertility. 


BBSULTB   or   PERCOLATION   FOB   TEN    DATS    WITH    N/25    HCL    ACID. 

This  percolation  was  carried  on  in  the  same  manna*  as  with  the 
water  and  N/200  acid.    The  reaulte  are  given  in  Table  XII. 

Tabu  XIL —  CoiniNuona  PaBooLATtoN  or  Soiu  vtth  N/25  HCl  fob  10  Datb. 
(Parte  in  1,000,000  of  hoQ.) 
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XIII.—  SOLDBLEB 

FROM    PBBCOI.ATION    WITH    N/25    AciB    TOH    24 
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48,6 

8,040 

5,266 

2,774 

94.4 

96,4 

11,6 

2,5 

14,1 

28,510 

20,824 

7,686 

43.6 

4,9 

4,5 

9,4 

Percolation  with  the  stronger  acid  appears  to  obliterate  the 
differences  which  are  observed  with  the  use  of  water  and  acid  of 
the  N/200  strength.  It  is  a  curious  fact  that  with  the  stronger 
acid,  the  highest  solubility  ia  noted  with  the  soil  that  showed  a  low 
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solubility  with  water  and  the  weaker  acid.  Unlike  the  results 
with  water  and  the  weaker  acid,  the  amount  of  dry  matter  brought 
into  solution  does  not  appear  to  diminish  in  any  marked  way  during 
the  first  four  or  five  days  of  percolation  and,  in  some  instances, 
the  rate  of  solution  increases.  These  results  are  not  at  all  sur- 
piiMng,  but  they  indicat«  that  such  treatment  with  an  acid  of 
the  N/25  strength  has  little  value  in  reaching  a  measurement 
of  soil  fertility  whether  for  twenty-four  houra  or  continuously 
for  ten  days. 

UATEHIAIA   DIBSOLVEn    FROM    SOILS    WHEN   SHAKEN    FOB  FIVB  HOUBS 
WITH   VABIODS   SOLVENTS   AT  40°  C. 

By  this  method,  93  grams  of  ^r-dried  soil  were  shaken  for  five 
hours  in  465  cubic  centimeters  of  the  solvent  at  a  temperature 
of  40°  C.  The  ratio  of  the  soil  to  the  solvent  was  as  1  to  5.  In 
Tables  XVI  to  XVII  are  given  statements  of  the  solubles  in  water, 
N/200  HCl  and  N/25  HCi. 
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61.2 

62.6 
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8.74 
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12.0 
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4.6 

9.4 
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(Parts  in  1,000,000  oi  aoil.) 
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78.9 
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. .     2,187 
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Tablb  XVII.—  SoLTJBLBB  rROH  Shakino  IN  N/25  HCl  roR  5  Hours  at  40°  C. 

COMFARBD  VTTB  PitoDDcnoN  OF  Bablit  Drt  Mattxs. 

{Parifl  in  1,000,000  of  wD.) 
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OraiM. 
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1894.. 
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137. 

23.7 

39.8 

77.4 
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1895.. 

9,823 

6,474 
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17.6 

61.2 

52.6 

103.8 

IJWfl 

55.4 
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6,226 

9,524 

250. 

32,6 

44,4 

68. 
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5,563 

6,687 

158. 

11.1 

90.3 

71.2 

161.6 

1899.. 

10,050 

5,713 

4,337 
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16.2 

17.9 

78.9 

96.8 

23. 

37.4 

1901.. 

5,674 
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57. 

68. 

11. « 

2.6 

14  1 

1902.. 

10,990 

7,240 

3,760 
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21. 

4.9 

4.5 

9,4 

COUUENTB   ON  BESmyTB   OF  SHAKING   IN   VABIOU8   SOLVENTS 
FOB    5   HOTJBS. 

The  amount  of  dry  matter  brought  into  eolution  l^  the  s^tation 
of  soil  for  five  hours  with  water  appears  to  have  a  genial,  though 
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not  cloee,  relation  to  the  productiveness  of  the  soils  as  shown  by 
two  seasons'  cropping.  This  is  true  both  of  the  oi^anic  and  inorganic 
compounds.  It  catmot  be  said  that  any  significance  can  be  attached 
to  the  solubihty  of  potasaum  and  phosphorus  bodies  as  shown 
by  this  method.  Soil  No.  1901  gave  up  of  potas^um  and  phos- 
phorus bodies  a  larger  proportion  than  was  the  case  with  other 
soils  showing  much  larger  productiveness.  Only  in  the  case  of  the 
No.  1902  is  there  any  intimation  that  a  lower  solubihty  of  potasdum 
and  phosphorus  compounds  has  any  relation  to  fertiUty.  The 
use  of  the  N/200  HCI  as  a  medium  in  which  to  agitate  the  soil 
for  five  hours  brings  the  solubilities  to  a  closer  uniformity  and 
renders  them  more  inconsistent,  especially  as  to  the  potassium 
and  phosphorus  compounds,  the  relation  of  the  results  to  productive- 
ness. It  is  quite  remarkable  that  in  four  instances  less  phosphorus 
was  brought  into  solution  with  the  weak  acid  than  with  water. 

The  Mse  of  the  stronger  acid  N/25  HCI  increases  the  soluble 
material  to  a  marked  d^ree.  This  is  true  not  only  of  the  total 
soluble  matter,  but  of  the  potassium  and  phosphorus  compounds. 
The  solubilities  shown  for  the  several  soils  appear  to  have  no  definite 
relation  to  the  composition  of  these  soils  as  shown  by  a  complete 
analy^s,  that  is,  mass  gives  no  iudication  of  the  proportions  of 
soluble  material  by  the  methods  used. 

In  comparing  the  results  by  this  method  with  the  several  solveDts, 
there  is  justification  in  the  conclusion  that  the  treatment  with 
water  gives  results  more  significant  in  their  relation  to  the  pro- 
ductiveness of  the  several  soils  than  is  the  case  with  either  of  the 
acid  solutions,  but  even  with  the  water,  if  there  is  any  ragnificance 
in  the  results  obtained,  it  is  shown  in  the  amounts  of  total  soluble 
matter  rather  than  in  the  proportions  of  potassium  and  phosphorus 
compounds  brought  into  solution.  Not  much  can  be  claimed, 
however,  for  a  method  that  shows  as  high  solubilities  for  a  soil 
producing  14.1  grams  of  dry  matter  to  the  box  as  for  a  soil  producing 
96.8  grams  of  dry  matter  per  box. 
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PLAKT-FOODS  FOR  CROPS  IN  iei6.* 

L.  L.  VAN  8LYKE. 

Fanners  who  depend  to  any  extent  upon  commercial  plant-foods 
in  the  growing  of  crops  are  confronted  at  the  present  time  by  a 
situation  calling  for  careful  consideration.  Owing  to  the  direct 
and  indirect  effects  of  the  European  War  upon  the  sources  of  supply 
and  the  cost  of  the  more  important  plant-food  materials  used  in 
the  manufacture  of  commercial  fertilizers,  conditions  have  arisen 
which  are  wholly  without  precedent  in  the  history  of  the  fertilizer 
industry  of  this  country,  and  which  were  altogether  beyond  the 
power  of  anyone  to  foresee.  In  view  of  these  profoundly  disturbing 
conditions,  a  conference  was  recently  held  by  representatives  of 
the  Agricultural  Experiment  Stations  of  the  New  England  States, 
Mew  Jersey  and  New  York  for  the  purpose  of  obtaining  all  possible 
information  bearing  on  the  situation,  as  a  basis  for  furnishing  advice 
to  fanners  in  respect  to  the  practical  methods  they  can  adopt  during 
the  season  of  1916  to  meet  the  unprecedented  problems. 

The  statements  embodied  in  this  circular  present  the  consensus 
of  the  members  of  the  conference.  The  chief  points  discussed  are 
the  following: 

1.  Effects  of  the  war  upon  the  cost  of  plant-food  materials. 

2.  Su^estions  to  farmers  under  present  conditions. 

L  EFFECTS  OF  THE  WAR  UPON  THE  COST  OF  PLANT-FOOD  MATERIAIfi. 
While  it  was  expected  that  the  European  War  would  interfere 
more  or  less  with  the  importation  of  certMn  plant-food  materials, 
such  as  potash  salts  and  basic  slag  phosphate,  it  was  not  anticipated 
that  other  forms  would  be  affected  much,  if  at  all.  But  we  have 
come  recently  to  appreciate  that  practically  every  form  of  com- 
mercial plant-food  has  been  more  or  less  seriously  influenced.  It 
is  a  matter  of  interest  to  notice  in  more  detail  wh&t  is  the  present 
condition  of  our  commercial  plant-food  supphes  and  in  what  way 
the  conditions  have  developed. 

1.   POTASH  COMPOUNDS. 

Practically  all  of  our  agricultural  potash  has  come  from  Germany 
and  the  importation  has  absolutely  ceased.  Most  of  the  potash 
salts  on  hand  in  this  country  in  1914  was  taken  for  the  commercial 
fertilisers  used  in  the  season  of  1915.    So  small  are  the  supplies  on 

*A  nprint  of  Qreulw  No.  47,  Januar;  20, 1916. 
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hand  that  only  a  part  of  the  commerical  fertilizers  to  be  offered 
for  1916  will  contain  any  potash  at  all  and  these  only  one  per  ct. 
Muriate  of  potash,  which  normally  retails  for  about  $40  a  ton,  now 
commands  a  price  of  $600  and  offerings  are  very  small  even  at  that 
figure. 

2.  PHOSPHORIC  ACm  MATERIALS. 

Acid  phosphate,  which  for  many  years  has  formed  the  main  source 
of  available  phosphorus  in  commercial  fertilizers,  has  gone  up  con- 
siderably in  price.  This  is  due  chiefly  to  increase  in  the  price  of 
sulphuric  acid  from  $5  to  $25  a  ton.  Sulphuric  acid  is  uaed  in  the 
manufacture  of  acid  phosphate  and  also  in  malciTig  h^b  explosives. 
Several  hundred  thousand  tons  of  the  sulphuric  acid  usually  employed 
in  making  acid  phosphate  have  been  purchased  at  largely  increased 
prices  by  manufacturers  of  explosives.  Another  smaller  factor  in 
the  increased  cost  of  acid  phosphate  is  increase  in  freight  rates  of 
coastwise  traffic,  due  directly  to  shipping  demands  of  the  war. 

3.  NITHOGEN-CONTAININO  UATBRIALS. 

Nitnc  acid  is  a  necessary  compound  for  the  manufacture  of  h^ 
explosives.  The  nitric  acid  made  in  America  has  been  obtained  from 
nitrate  of  soda  imported  from  Chili.  The  increased  demand  made 
by  the  lai^  increase  in  the  manufacture  of  high  explv^ives  has 
rapidly  sent  up  the  price  of  sodium  nitrate.  An  added  factor  of 
embarrassment  is  due  to  the  unexpected  blocking  of  the  Panama 
Canal,  resulting  in  the  delay  of  transportation  of  thousands  of  tons 
of  nitrate  on  its  way  from  Chili  to  the  manufacturers  of  commercial 
fertihzere  in  the  United  States.  Increased  cost  of  ocean  freight 
has  further  added  to  the  cost  of  nitrate. 

n.  SUGGESTIONS  TO  FARMERS  UNDER  PRESENT  CONDITIONS. 

From  the  precedii^  statements,  it  can  be  appreciated,  in  some 
degree  at  least,  what  a  profound  disturbance  oas  been  created  by 
the  war  in  relation  to  the  supply  and  cost  of  those  plant-food 
materials  upon  which  our  farmers  have  more  or  less  largely  relied 
for  help  in  feeding  their  crops.  As  would  be  anticipated,  there 
has  been  a  tendency  for  every  other  form  of  plant-food  material  to 
undergo  a  "sympathetic"  increase  in  price,  and  we  can  not  yet 
tell  how  far  this  mcrease  all  along  the  Ime  may  extend. 

What  can  farmers  do  in  supplying  plant-foods  to  their  crops 
during  the  season  of  1916  under  present  conditions  ?  Let  us  Erot 
summarize  the  facts  of  the  situation:  (1)  Potash  materials  from 
Germany  are  not  obtainable  except  at  prohibitive  prices  and  even 
then  only  in  insignificant  amounts.  (2)  Our  chief  source  of  phos> 
phoric  acid,  acid  phosphate,  is  seUing  at  prices  much  above  those 
paid  under  normal  conditions.  (3)  Nitrate  of  soda  is  obtainable 
in  less  amounts  than  usual  and  only  at  a  large  advuice  in  cost. 
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As  ao  outline  of  vfh&t  farmerB  can  do  to  funush  crops  the  supple- 
mentary plant-food  supplies  needed,  greater  care  thaii  ever  before 
must  be  given  to  — 

1.  The  selection  of  soils  for  crops. 
'  2.  The  management  of  soils  so  as  to  utilize  to  the  fullest 
possible  extent  the  plant-food  supplies  already  in  the  soiL 

3.  The  conservation  and  utilization  of  all  sources  of  plant- 

foods  produced  on  the  farm. 

4.  The  selection  of  such  commercial  plant-food  materials  as 

are  most  economical. 

5.  Careful  study  of  the  plant-food  needs  of  different  crops. 

6.  Precautions  to  be  observed  in  purchasing  fertilizers. 
We  will  now  consider  these  points  in  order  in  more  detail. 

1.  SELECTION  OF  SOILS  FOB  CBOPS. 
It  will  be  possible  to  economize  in  the  use  of  fertilizers  by  a  careful 
selection  of  soils  for  certain  crops.     In  making  such  selection,  one 
can  be  guided  by  the  following  considerations: 

(a)  For  those  crops  which  are  to  be  converted  directly  into  money, 
(xiiy  the  better  soils  should  be  used. 

(b)  Clay  soils  and  clay  loams  meet  the  desired  plant-food  condi- 
tions better  than  ligbt  soils,  especially  since  heavier  soils  contain 
more  available  potash. 

(c)  Soils  which  have  been  systematically  8\ipplied  with  farm 
manure  or  commercial  fertilizers  will  meet  conditions  of  temporary 
food  portage  better  than  those  which  have  not  been  so  well  treated. 

(d)  Soils  containing  abundance  of  organic  matter  can  do  well 
with  a  minimum  added  supply  of  nitrogen. 

(«)  li^elds  which  have  been  in  constant  cultivation  for  long  periods 
fi  time  usually  require  greater  addition  of  plant-foods,  especially 
for  hoed  crops,  than  do  fields  of  newly-turned  sod,  particularly 
clover  sod. 

(/)  Only  soils  in  a  good  state  of  cultivation,  that  is,  in  good 
mechanical  condition,  should  be  used  for  money  crops. 

2.   UANAGBUENT  TO  UTILIZE  PLANT-FOOD  IN  SOIL. 

Insoluble  plant-foods  in  agricultural  soils  can  be  made  available 
during  the  crop-growing  season  in  sufficient  quantities  to  meet  to  a 
greater  or  less  extent  the  demands  of  growing  crops,  and  thus  need 
(if  additional  commercial  plant-foods  can  be  much  reduced.  Two 
general  methods  can  be  used,  (a)  tillage,  (b)  indirect  fertilizers. 

(a)  Tillage. — ^There  has  never  been  a  time  when  tillage  will  pay 

80  well.     The  soil  should  be  plowed  deeper  than  usual  and  harrowed 

more  thorou^ly.     In  keeping  the  soil  texture  as  nearly  perfect  as 

poeuble  by  tillage,  conditions  are  furnished  which  enai}le  the  soil  ' 

16 
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to  ret^  moisture  to  the  extent  most  desirable  and  to  make  soluble 
insoluble  plant-food  materials  in  the  soil  while,  at  the  same  time, 
making  it  easier  for  the  feeding  rootlets  to  reach  out  into  the  soil 
to  obtain  nourishment. 

(6)  Indired,  fertilizers. — An  indirect  fertilizer  is  a  material  which 
favorably  influences  plant  growth,  not  by  furnishing  in  itself  any 
needed  element  of  plant-fowd,  but  chiefly  by  producing  in  the  soil 
some  effect  beneflcial  to  plant  growth.  Among  such  beneficial 
effects,  one  of  the  chief  is  the  conversion  of  insoluble  into  soluble 
plant-food;  another  is  the  conversion  of  acids  and  other  compounds 
unfavorably  affecting  plant  growth  into  harmless  forms.  The  in- 
direct fertihzers  to  which  attention  should  be  called  at  this  time  are 
the  following:  (1)  calcium  or  lime  compounds  and  (2)  common  salt. 

(1)  Calcium  or  lime  compounds  include  (a)  the  carbonate  (ground 
limestone,  air-slaked  lime,  marl,  etc.),  (b)  the  oxide  (quicklime, 
burnt  lime,  lump  lime,  etc.),  (c)  the  hydroxide  (hydrated  or  slaked 
lime,  and  (d)  the  sulphate  (gypsum,  land-plaster). 

The  chief  effects  of  the  flret  three  calcium  compounds  are,  first, 
to  neutralize  acids  in  soil;  second,  to  hasten  the  decomposition  of 
oi^anic  matter,  thus  making  its  plant-foods  more  quickly  available; 
and,  third,  to  hghten  heavy  soils  and  compact  Ught  ones. 

It  has  been  generally  believed  that  lime  compounds  tiave  the 

Eower  to  change  insoluble  potash  compounds  into  soluble  forms, 
ut  the  latest  investigations  appear  to  indicate  that  while  the 
sulphate  (gypsum)  may  do  so  in  some  degree,  the  other  calcium 
compounds  that  are  commonly  appUed  to  soils  do  not  have  such 
power  to  any  appreciable  extent.  The  cost  of  gypsum  is  too  high 
to  use  on  soils,  and,  moreover,  it  must  be  remembered  that,  when 
we  apply  100  pounds  of  acid  phosphate,  we  are  applying  about  40 
pounds  of  gypsum.  Generally  speaking,  then,  the  application  of 
calcium  or  lime  compounds  can  not  furnish  potash  to  crops  through 
action  on  the  insoluble  potash  compounds  of  the  soil,  but  they  can 
make  more  quickly  available  the  potash  and  other  plantrfoods  in 
organic  matter,  such  as  cover-crops,  muck,  peat,  vegetable  wastes,  etc. 
When  ground  Hmestone  is  used  on  soils  under  conditions  csJling 
for  prompt  action,  it  should  be  finely  ground;  the  more  finely  ground 
it  is.  the  quicker  will  be  its  action. 

(2)  Common  salt  or  sodium  chloride. — ^The  results  of  recent 
investigations  indicate  that  sodium  in  this  form  can,  to  some  extent, 
change  insoluble  potash  compounds  into  soluble  ones.  While 
sodium  cannot  take  the  place  of  potassium  in  plant  nutrition,  it 
can  make  a  certain  amount  of  potash  go  farther  in  crop  production. 
Agricultural  salt  can  be  obtained  at  the  mine  for  about  {2.50  a 
ton.  It  can  be  apphed  at  the  rate  of  150  to  300  pounds  an  acre. 
Apphcation  to  grass  appears  to  give  more  marked  results  than  with 
other  crops.  The  sodium  in  sodium  nitrate  has  the  same  power  as 
an  indirect  fertiliser  that  the  sodium  or  sodium  chloride  has. 
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3.   CONSERVATION  AND  tITILIZATION  OF  FARlf-FBODUCED  PLAHT-FOOD 
UATEBIAL8. 

The  present  is  a  time,  aB  never  before,  to  save  and  utilize  every 
form  of  plant-food  material  found  on  the  farm. 

(o)  Farm  manure. — In  stables  enough  litter  should  be  used  to 
absorb  completely  the  urine  because,  first,  it  contains  a  much  higher 
percentage  of  nitrogen  and  potash  than  the  solid  excrement,  and, 
second,  these  are  in  much  more  quicldy  available  forms  in  urine 
than  in  solid  excrement.  Dry  muck  is  one  of  the  best  absorbents 
for  stable  use.  Any  muck-bed  on  the  farm  should  be  utilized  both 
in  stables  and  also  for  direct  application  to  soil.  When  manure 
is  stored,  it  should  be  made  into  a  compact  heap  with  vertical  sides 
and  kept  under  cover  if  possible.  The  heap  should  he  kept  moi^ 
enough  to  prevent  over-heating  but  not  so  wet  that  hquid  drains 
from  it. 

Mbted  farm  manure  made  from  well-fed  animals  and  kept  under 
proper  conditions  contains,  per  ton,  10  to  12  pounds  of  nitrc^n,  5 
to  7  pounds  of  phosphoric  acid  and  10  to  12  pounds  of  potash.  One 
cord  of  manure  varies  in  weight  from  2  to  3  tons.  A  two-horse 
wagon  load  weighs  about  one  ton. 

(b)  Miscellaneous  wastes. — Materials  usually  allowed  to  go  to 
waste  should  all  be  utilized.  Leaves,  stalks,  trash,  etc.,  can  be 
f^ven  to  pigs  to  work  over  into  manure.  Composting  can  be  advan> 
tageously  employed  for  vegetable  and  animal  materials  that  cannot 
be  made  suitable  in  any  other  way  for  use  as  manure. 

(c)  Ocean  produces,— Seaweeds,  marah-grasses,  etc.,  can  be  advan- 
tageously utilized  for  fertilizing  purposes  on  farms  near  the  sea- 
shore. Dried  ground  starfish  is  worth  using  where  obtainable  in 
amount. 

(rf)  Ashes. — Wood-ashes  should  be  saved  and  carefully  stored  in 
a  diy  place  until  applied  to  the  soil.  The  potash  in  wood-ashes 
^ves  them  an  unusually  high  value  at  the  present  time. 

4.   COUUEHCIAL  PLANT-FOOD  SUPFLIEfi. 

What  commercial  fertilizers  and  materials  can  best  be  used  under 
the  present  conditions  to  feed  crops?  We  wiC  state  facts  so  far 
as  they  are  obtainable  at  present. 

(a)  Mixed  commercial  fertHizers.—'Two  general  classes  of  mixed 
fertilizers  will  be  offered  for  1916  according  to  present  information, 
one  containing  only  nitrogen  and  phosphoric  acid  and  the  other 
potash  in  ad(£tioQ  to  the  extent  of  1  per  ct.  The  price  charged 
for  the  potash  will  be  about  25  cents  a  pound.  Speaking  generally, 
we  cannot  advise  the  purchase  of  commercial  fertihzers  containing 
potash  under  these  conditions.  In  the  amount  of  such  a  fertilizer 
as  UEu^y  apphed,  the  quantity  of  pot^h  present  is  so  small  as  to 
have  littfe,  if  any,  influence  on  plant  growth.    Investment  in  potash 
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at  25  cents  a  pound  under  the  conditiona  can  not  be  r^arded  as  a 
paying  one. 

(6)  Niirogen. — For  a  sii^le  application  to  crops  with  the  louger 
growing  season,  a  mixture  of  different  materials  containing  nitrof^en 
will  be  found  moat  effective.  For  example,  a  useful  mixture  13 
about  one-third  nitrate  of  soda,  one-third  sulphate  of  ammonia  or 
cyanamid  and  one-third  organic  nitrogen  (tankage,  dried  blood, 
etc.). 

(1)  Cyanamid. — Of  the  different  commercial  materials  containing 
nitn^en,  adapted  to  the  use  of  crops,  calciuin  cyanamid  is  at  present 
cheapest.  It  has  an  av^lability  about  equal  to  that  of  sulphate 
of  ammonia.  When  used  alone  in  large  amounts,  it  should  not 
be  allowed  to  come  into  contact  with  seeds  or  rootlets,  and  it  ia 
Well,  therefore,  to  apply  it  one  or  two  weeks  before  seeding.  On 
account  of  the  calcium  oxide  (quicklime)  contained  in  it,  it  must 
not  be  mixed  with  ammonium  sulphate.  When  mixed  with  acid 
phosphate,  not  more  than  200  pounds  of  cyanamid  per  ton  of  mix- 
ture should  be  used,  owing  to  danger  of  reversion  of  the  soluble 
phosphate.  While  cyanamid  is  usually  disagreeable  to  handle  on 
account  of  the  irritating  effect  of  the  dust  on  the  eyes  and  skin, 
it  is  not  poisonous. 

(2)  Nitrate  of  soda  can  be  used  to  advantage  in  the  early  stages 
of  growth,  especially  for  crops  starting  in  cold  weather  and  for  all 
crops  in  colder  regions.  Nitrate  acts  more  quickly  than  any  other 
form  of  nitrogen.  The  value  of  the  sodium  in  sodium  nitrate  as 
an  indirect  fertilizer,  already  referred  to  (p.  4),  should  be  kept  in 
mind  in  connection  with  the  potash  supply  in  the  soU. 

(3)  Oi^anic  nitrogen, — The  different  oi^anic  materials  containing 
nitrogen  vary  greatly  in  their  availability  as  plant-food.  The 
nitr(^en  in  fine  bone,  tankage,  fish,  blood,  cottonseed-meal  and 
castor-pomace  is  approximately  of  the  same  availabihty.  Nitrogen 
in  tankage  is  at  present  cheaper  than  in  other  forms. 

The  different  forms  of  wool  and  felt  waste  are  rich  in  nitrogen  but 
they  are  usually  of  slow  action  when  applied  directly  to  soils  without 
previous  treatment  of  some  kind.  When  these  materials  can  be 
obtained  at  low  cost  they  can  be  worked  over  by  pigs  or  carefully 
composted  and  applied  to  crops  having  a  long  growing  season. 

Muck  and  peat  contain  considerable  nitrogen,  which  is,  however, 
only  slowly  available.  Their  most  effective  use  is  as  an  absorbent 
in  connection  with  stable  manure. 

(c)  Phosphoric  acid. — Quickly  available  phosphoric  acid  influences 
favorably  the  development  of  the  root  systems  of  plants.  Its 
application  is,  therefore,  of  special  value  in  connection  with  crops 
i^edii^  to  make  early  growth,  resulting  in  a  loiter  growing  seascm 
and  enabUng  them  to  utilize  more  fully  plant-food  in  the  soil. 

(1)  Acid  phosphate  is  the  commercial  form  of  phosphorus  which 
acts  moat  quickly  in  plant  growth.    Its  present  price  is  imusually 
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high,  but  it  will  be  found  desirable  to  use  some  in  most  cases,  espe- 
cially with  the  chief  money  crops. 

(2)  Bone  and  bone-tank^  are  somewhat  slow  to  act  as  a  source 
of  available  ph<sphoru8,  but  they  can  be  advantageously  used  as  a 
part  of  a  mixture  in  case  of  cro|»  having  a  long  growing  season. 

(3)  Basic  slag  phosphate. — ^Tbe  European  product  is  not  obtain- 
able. There  is  a  good  product  made  in  the  South,  but  the  price 
is  too  hi^. 

(4)  Ground  phosphate  rock  or  "Floats"  can  not  be  recommended 
for  general  use  where  quick  returns  are  essential.  It  is  the  least 
readUy  available  of  all  the  forms  of  commercial  phosphates.  When 
mixed  with  farm  manure,  it  has  given  increased  crop  yields  in  some 
cases.  Favorable  results  have  also  been  obt^ned  in  connection 
with  green  manures  and  also  in  case  of  strongly  acid  muck  soils 
with  crops  like  onions  and  potatoes. 

(d)  Potash. — The  situation  is  more  serious  in  respect  to  com- 
merdal  supphes  of  potash  than  of  any  other  plant-food  element. 

(1)  German  potash  salts  (muriate,  sulphate,  kainit,  etc.)  are, 
as  previously  stated,  practically  unobtainable;  the  small  supply 
on  hand  is  hdd  at  prohibitive  prices  so  far  as  agriculture  is  concerned. 

(2)  Ashes. — We  are  brought  back  to  what  was  our  original  com- 
mercial source  of  potash  for  agriculture,  viz,  ashes.  Wood-ae^es 
limekiln-ashes,  brickkiln-ashes,  etc.,  contain  some  potash  but  the 
amount  is  very  variable  and  can  generally  be  depended  upon  to 
be  small.  Good  hardwood-ashes  should  contain  at  least  5  per 
ct.  of  potash.  It  is  ^gnificant  that  dealers  at  present  seldom 
ffuararaee  more  than  S  per  et.  of  potash,  and  charge  $15  to  $25  a 
ton.  Ashes  should  be  purchased  only  under  a  guarantee  of  the 
percentage  of  potash. 

(3)  Ground-rock  materials. — Advantage  is  being  taken  of  the 
potash  situation  to  push  the  sale  of  ground  rocks  containing  un- 
avulable  potash.  Ground  feldspar  ia  one  of  these  materials.  Such 
materials  should  not  be  purchased  under  any  circumstances.  They 
are  extremely  costly  at  any  price,  because  the  potash  possesses 
no  appreciable  value  as  plant-food. 

The  chief  dependence  for  1916  must  be  the  potash  normally  in 
the  soil,  largely  in  insoluble  condition.  We  have  already  (p.  4) 
indicated  how  this  supply  may  be  made  a  source  of  available  potash 
to  crops  during  the  growing  season.  It  is  probable  that  on  most 
soils  of  this  State  the  failure  to  apply  the  usual  amount  of  potash 
salts  will  have  little  effect  on  crop  production  for  1916,  especially 
if  advantage  is  taken  of  the  suggestions  given. 

5.   snoOESTIONS  FOR  DIFPEBENT  CROPS. 
A  few  specific  suggestions  as  to  what  fertilizers  to  use  for  some 
(^  our  most  conuuou  crops  will  not  be  out  of  place  in  concluding 
this  circular. 
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(a)  Grtus. — For  top-dresaing  ordinary  grasslaada,  100  to  200 
pounds  per  acre  of  sulphate  of  ammonia  may  be  used  or  the  same 
amount  of  nitrate  of  soda  or  of  cyanamid  or  of  a  mixture  of  the  two 
can  be  used,  or  a  mixed  fertilizer  high  in  nitrc^n. 

For  clover  and  alfalfa  an  application  is  recommended  of  500 
to  1,000  pounds  per  acre  of  ashes  if  obtainable. 

(&)  Com.—^Uae  10  to  12  tons  of  farm  manure  and  on  poorer  soils 
supplement  with  300  to  500  pounds  of  a  fertilizer  containii^  about 
2.5  per  ct.  of  nitrogen  and  10  per  ct.  of  available  phosphoric  acid. 

(c)  PoUUoes,  Toot-cropa  and  vegdables  in  general. — Apply  4  t<Mis 
of  good  farm  manure  and  work  it  well  into  the  soil.  Supplement 
with  500  pounds  of  a  fertilizer  containing  2.5  to  3  per  ct.  of  nitrogen 
and  S  to  10  per  ct.  of  available  phosphoric  acid.  If  no  manure 
is  used,  apply  800  to  1,000  pounds  of  fertiliser  containing  4  per  ct. 
of  njtrt^n  and  8  to  10  per  ct.  of  available  phosphoric  acid. 

(d)  Cereali  and  spring-seeding  to  grass. — For  sprii^-seeding  with 
cereals  or  grass  in  usual  rotations,  use  per  acre  300  to  500  pounds 
of  a  fertilizer  containing  4  to  5  per  ct.  of  nitrogen  and  8  to  10 
per  ct.  of  available  phosphoric  acid. 

(e)  Orchards. — In  place  of  applying  fertilizer,  use  thorough  tillage 
and  grow  cover-crops, 

6.  PRBCAU'nONS  IK  THE  PURCHASE  OF  FERTIUZEB8. 

(a)  Obtain  formulas  and  quotations  from  several  manufacturers 
or  dealers. 

(b)  Fay  cash,  if  possible. 

(c)  Wbere  practicable,  combine  with  others  to  buy  in  mixed 
car  lots. 

(d)  Insist  on  a  guarantee  with  a  rebate  at  current  retail  prices 
for  any  deficiency  in  composition. 

(e)  Look  out  for  fake  fertilizers  rich  in  insoluble  potash,  phos- 
phoric acid,  etc. 

(f)  In  case  of  doubt  at  any  time,  write  to  this  Experiment  Station. 
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CHEMICAL  CHANGES  IN  THE  SOURING  OF 
MILK* 

LUCIDS  L.  TAN  BLYKE  and  ALFRED  W.  B08W0HTH. 
SUMMARY 

I.  Fresh  milk  was  analyzed  for  its  soluble  and  insoluble  con- 
stituents, using  a  porous  porcelain  filter  for  separaticai.  Another 
portion  ot  the  same  milk  was  inoculated  mth  a  culture  coaiaiiiing 
Bacterium  lactU  acidi  and  B.  lactia  aerogenes.  At  the 
end  of  60  hours  detenninationB  were  made  of  the  soluble  and 
insoluble  portions,  (a)  About  32  per  ct.  of  the  mUk-sugar  is  changed 
by  the  lactic  add  bact«ia,  88.5  per  ct  of  the  amount  so  changed  bemg 
converted  into  lactic  add.  (b)  Citric  acid  completely  disappears. 
(c)  The  insoluble  hio^anlc  constituents  of  the  firesh  milk  are 
made  soluble  by  the  lactic  add.  (d)  Albumin  of  sour  milk  passes 
throu^  the  porcelain  filter  completely,  (e)  Caldum  caseinate  is 
changed  into  free  protein  and  precipitated,  the  caldimi  forming  - 
lactate. 

3,  To  study  the  rate  and  extent  of  chemical  change  under  given 
conditions,  fregh,  pasteurized,  separator  shim  milk  was  inoct&ited 
witit  a  pure  culture  of  B.  lactia  acidi  and  kept  at  32.2°  C.  Samples 
were  taken  at  intervals  during  96  hours  for  analysis,  (a)  Most 
of  the  change  in  milk-sugar  occurs  between  the  loth  and  24th 
hours.  When  the  amount  of  lactic  acid  reaches  0.7  per  ct.,  the 
bacterial  activity  is  much  reduced,  (b)  The  acidity  increases  most 
rapidly  during  the  first  34  hours,  the  rate  of  increase  diminishing 
after  tiiat  The  increased  addity  of  the  serum  is  due  to  increase 
of  lactic  add.  In  the  insoluble  portion  of  the  milk  the  free  casein 
is  the  acid  constituent,  (c)  Caldimi  combined  as  Ca  H  PO4  goes 
into  solution  completely  in  13^  hours.  Calcium  combined  as  case- 
inate is  acted  upon  more  slowly,  complete  solution  requiring  about 
34  hours,  (d)  Tlie  amount  of  albumin  nitrogen  in  serum  increases 
with  increase  of  addity;  all  the  albumin  of  the  milk  tqrpears  in  tiie 
semm  in  14  hours. 

INTRODUCTION. 
In  Bulletin  No.  245  of  this  Station  an  investigation  was  reported 
d  some  of  the  chemical  changes  that  take  place  in  milk  wheo  it 
undei^oes  ordinary  sounng.  The  points  then  studied  were  the 
decrease  of  sugar,  the  formation  of  lactic  acid,  the  curdling  of  milk 
in  relation  to  add,  and  the  action  of  acid  upon  the  calcium  caseinate 
in  milk. 

*  A  reprint  of  TeehnMOl  BuUetin  No.  48,  January,  1S16. 
1247] 
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The  BpeciaJ  purpose  of  the  present  Btudy  hae  been  to  learti  what 
chemical  changes  take  place  in  the  insoluble  and  soluble  constituents 
of  milk  when  souring  under  ordinary  conditions.  This  work  has 
been  carried  out  with  the  use  of  the  method  previously  employed 
by  us  in  studying  the  condition  of  casein  and  s^te  in  miUc.^  Briefly 
stated,  the  method  separates  milk  into  a  soluble  portion  and  an 
insoluble  portion,  malong  use  of  a  porous  porcelain  filter  as  the 
means  of  separation;  and  the  chemical  composition  of  each  portion 
is  determined. 

Our  study  of  the  chemical  changes  taking  place  in  the  constituentB 
of  milk  as  the  result  of  souring  originated  several  years  ago  in  con- 
nection with  a  study  of  problems  relating  to  the  manufacture  and 
ripening  of  cheese,  especially  the  American  cheddar  cheese,  which 
is  the  type  that  has  been  most  largely  made  in  this  country.  The 
first  work  was  carried  out  also  in  connection  with  a  study  of  cottage, 
or  sour-milk,  cheese.  In  the  manufacture  of  most  kinds  of  cheese, 
the  early  stages  are  lai^cly  associated  with  the  formation  of  lactic 
acid,  the  amount  of  acid  being  governed  especially  according  to  the 
character  or  type  of  the  cheese  made.  We  thus  have  in  the  case  of 
different  kinds  of  cheese  the  common  process  of  lactic-acid  fermenta- 
tion; the  chemical  changes  resulting  are  essentially  the  same  in  kind, 
whether  the  amount  of  acid  is  small  or  large,  but  are,  of  course, 
more  extensive  in  proportion  as  the  amount  of  acid  increases.  Aa 
might  readily  be  supposed,  the  control  of  the  lactic-acid  fermentation 
plays  a  very  important  role  in  the  manufacturii^  processes  of  all 
types  of  cheese. 

We  have  carried  out  numerous  experiments  in  studying  the 
changes  that  take  place  in  milk  as  a  result  of  souring  and  the  results 
have  been  in  uniform  ^reement.  We  shall,  thereifore,  instead  of 
presenting  all  of  our  data,  ^ve  such  as  will  fully  illustrate  the  tuBoer- 
t»ned  facts.  We  will  first  give  the  analytical  results  obtained  with 
milk  at  the  end  of  60  hours  and  then  a  set  of  results  obt^ed  at 
frequent  intervals  during  a  period  of  96  hours. 

CHANGES  IN  MILK  IN  SOURING. 

AFTBB  60  HOURS. 

Before  considering  the  det^led  changes  that  are  produced  in  the 
constituents  of  milk  during  the  various  stages  of  progressive  sour^ 
ing,  we  will  show  the  final  changes  that  take  place  when  the  souring 
process  has  practically  been  completed,  which  under  ordinary  con- 
ditions should  be  in  about  60  hours. 

Four  htera  of  fresh  milk  divided  into  two  portions,  of  two  liters 
each,  were  treated  as  follows:  One  portion  was  treated  with  chloro- 
form at  once  and  passed  through  a  porous  porceliun  filter.    The 

'N.  y.  Agr.  Expt.  8ta.,  Tedi.  Bui.  39.    1914 
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second  lot  waa  allowed  to  sour  at  room  temperature  after  inocula- 
Uon  with  a  culture  coQtamii^  Bacterium  hcUs  acidi  and  B.  ladia 
aerogenea.  At  the  end  of  60  hours,  this  was  filtered  through 
ft  porouB  porcelfun  filter.  Analysis  waa  made  of  the  fresh  milk,  of 
the  serum  of  the  fresh  milk  and  of  the  serum  of  the  sour  milk,  the 
results  of  which  are  given  in  the  following  table: 

Table  I. —  Chanois  d 


(After  60  hours.) 

SlBDU  FROM  FRiaH 

Milk. 

Sbbum  nioH  Bonn 
Milk. 

C/OMtfllT  UBKTB-. 

100  e^c 

Semm 
100  C.C. 

Percent- 
milk  con- 
stituents 

Serum 
100  CO. 

Percent- 
ithueuts 

Oram*. 
5.75 
3,07 
0.506 
0.049 
0,237 
0087 
0.144 
0.013 
0,120 
0.055 
0.076 
0.725 
0.00 

Orarra. 
5.7.5 
0,00 
0,188 
0,049 
0,237 
0,056 
0048 
0.007 
0-124 
0.057 
0,081 
0,400 
0.00 

Ferct. 
100.00 
0.00 
37,15 
100.00 
100,00 
64,40 
33,33 
53,85 
100,00 
100  00 
100,00 
55,17 
0.00 

arams. 
4« 
0,00 
0,506 
0049 
0,000 
0,060 
0.148 
0-014 
0  120 
0,058 
0,079 
0,600 
1,124 

Fertt. 

ffi.::::;::::::::::::;::::: 

Cttricacid 

100,00 

«^p^  ^monOMuc; 

SSZ" ;::;:::::::::;:::: 

t95,17 

*  During  the  proceaa  of  touriog  the  citric  acid  is  completely  chained  by  the  action 
ol  B.  lactit  aerogenet  into  iicetic  acid  and  carbon  dioxide,  as  ^owu  by  Boeirorth  and 
PmoliA.    <N.  Y.  Agr.  Eipt.  Sta.  Tech.  Bui.  No.  14,  1910,) 

t  In  determiiiiiig  the  total  ash  of  milk,  the  organic  phoaphoruB  of  the  casein  is 
fm-trli^  in  the  ash  as  i^o^tiioric  acid,  but  in  the  serum  this  organic  phoapliorua  is 
not  present  and  tbwefore  tiie  amount  of  ash  in  swum  from  sour  milk  is  less  than  that 
inmiik. 

}  Some  ot  the  lactic  add  is  adsorbed  by  the  casein  (Van  Slyk^  L.  L.,  and  Van 
Slyke,  D.  D.  N.  Y.  Agr.  Expt.  Sta,  Tech,  Bui.  3.  190Q  and  th«mfore  not  aU  ot  it  is 
foiiad  in  the  serum. 

A  study  of  the  results  Id  Table  I  shows  in  general  that  the  main 
effects  produced  by  the  souring  of  milk  are  the  conversion  of  more  or 
less  milk-flugar  into  lactic  acid,  which  causes  precipitation  of  casein 
and  makes  soluble  the  other  insoluble  constituents.  Stated  in 
more  detail,  we  notice  the  following  results: 

(1)  The  amount  of  sugar  in  milk  is  decreased  through  the  action 
<rf  the  lactic-acid  bacteria.     In  this  case,  there  is  a  loss  of  1.27  grams 
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for  5.75  grams  of  sugar  per  100  c.c.  of  milkj  or  22  per  ct.  The  amount 
of  lactic  acid  formed  is  1.124  grams;  8S.5  per  ct.  of  the  su^ar  decom- 
posed is  converted  into  lactic  acid. 

(2)  The  citric  acid  of  milk  completely  disappears,  being  decom- 
posed into  acetic  acid  and  carbon  dioxide  by  ^e  action  of  B.  JacUt 


(3)  Those  inorganic  constituents  of  normal  milk  that  are  insoluble 
are  made  soluble  by  the  acid  resulting  from  bacterial  action. 

(4)  The  albumin,  part  of  which  in  normal  milk  fails  to  pass  throng 
a  porous  porcelain  ^ter,  is  so  changed  in  soiu"  milk  as  to  pass  com- 
{detely  through  such  a  filter. 

(5)  Calcium  caseinate  of  normal  milk  is  completely  converted 
into  the  free  protein,  imcombined  with  any  base,  which  is  precipi- 
tated, and  calcium  lactate  is  formed,  soluble  in  the  serum. 

AT  DIFFEBENT  STAGES  OF  BOmUNQ. 

In  addition  to  the  ultimate  changes,  it  is  desirable  to  know  aome- 
thing  of  the  rate  of  chemical  change  taking  place  when  milk  sours. 
We  have  carried  on  numerous  sets  of  experiments  but  present  here 
the  results  of  only  one,  which  is  typical  of  all  under  the  same 
conditions. 

The  milk  used  m  this  experiment  was  fresh  morning  milk  which 
had  been  pasterized  and  run  through  a  separator  to  remove  fat. 
The  milk  was  inoculated  with  a  pure  culture  of  B.  ladia  acidi  and 
kept  at  a  temperature  of  about  90°  F.  {32.2°  C),  samples  being 
taken  for  analysis  at  intervals  and  chloroformed  at  once  in  order  to 
prevent  further  bacterial  action.  Sampling  began  after  the  milk 
had  stood  four  hours  and  continued  at  intervals  of  an  hour  or  less 
for  16  hours;  after  24  hours,  samples  were  taken  every  24  hours  up 
to  the  end  of  96  hours. 

The  constituents  to  which  attention  was  given  are  the  following: 
(1)  Si^ar,  (2)  lactic  acid,  (3)  acidity,  before  and  after  pasdng 
throu^  porcelain  filter,  (4)  nitrogen  in  serum,  (5)  nitrogen  as 
albumin  in  serum,  (6)  soluble  and  insoluble  inorganic  phosphorus, 
(7)  soluble  and  insoluble  calcium  and  magnesium,  (S)  calcium  as 
di-calcium  phosphate,  (9)  calcium  derived  from  cEilcium  casein&te. 

The  methods  by  which  the  amounts  of  total,  soluble  and  insoluble 
calcium,  magnesium  and  phosphorus  were  obtained  have  been  fully 
described  in  our  previous  work  referred  to  above. 

Considerable  time  was  devoted  to  attempts  to  determine  separately 
the  amounts  of  free  lactic  acid  and  combined  lactic  acid,  but  no 
satisfactory  method  could  be  devised  for  making  such  distinction 
in  the  presence  of  acid  phcsphates.  This  is  due  to  the  conditions 
existing  in  sour  milk  where  we  have  present  acid  calcium  phosphate 
and  calcium  lactate  and,  in  advanc^  stages  of  souiii^,  some  free 
lactic  acid.    Extraction  of  a  solution  containing  lactates  in  the 
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presence  of  acid  phosphates  results  in  the  following  reaction,  which 
gives  an  apparent  quantity  of  free  lactic  acid  much  greater  than  the 
actual  amount: 

CaHJ>,Og  +  Ca(CaijO,).  =  2CaHP04  +  2HCA0,. 

In  a  solution  contuning  free  lactic  acid,  lactates  and  phosphates 
undergo  mutual  reaction,  forming  free  lactic  acid  and  di-<^cium 
phosphate.  While  we  find  it  possible  to  extract  with  ether  all  the 
free  lactic  acid  from  a  solution  containing  these  compounds,  we 
are  unable  to  tell  with  accuracy  at  what  point  the  conversion  of 
lactate  into  free  acid  begins.  It  is  possible  by  extraction  to  remove 
the  lactic  acid  of  the  lactate  completely  from  a  solution  containing 
caldum  lactate  and  acid  calcium  phosphate,  provided  the  phosphate 
is  present  in  excess,  but  we  have  thus  far  found  no  satisfactory  way 
tA  making  a  sepEUBte  determination  of  free  lactic  acid  in  the  presence 
of  these  salts  by  extraction.  We  hope,  however,  to  do  this  later  by 
determination  of  the  free  hydrogen  ions. 

Before  giving  the  results  of  the  work  for  the  sour  milk  in  its  various 
progressive  stages  of  change,  we  give  below  a  statement  of  the 
compounds  present  in  the  fresh  milk  previous  to  souring,  as  a  con- 
venience for  reference  in  interpreting  subsequent  data. 


Gram,  in 
lOO  C.C. 

GramBin 
100  CO. 

0.5964 
0,4701 
0.0762 

0,0498 

otha  than  caaeiD 
aod&Ibiunm 

'       as  CaHPa 
"             "      ootnbioed 

0.0515 

■          iacasdD 

0.0211 
0.0828 
0.0429 
0.0399 

■     ineoluble 

iMoliible 

0.0046 

We  will  present  the  results  of  our  investigation  imder  the  following 
diviaions: 

1.  Converdon  of  milk-sugar  into  lactic  acid  in  the  souring  of  milk. 

2.  Effect  of  souring  of  nulk  upon  acidity  of  milk  and  mUk-serum. 

3.  Effect  of  souring  of  milk  upon  insoluble  calcium  and  inoi^ianio 
phosphorus. 

4.  Effect  of  souring  of  milk  upon  milk-albumin. 

Coiwersion  of  milk-sugar  into  lactic  acid  in  the  souring  of  tniJk. — 
In  the  table  below  we  give  (1)  the  amount  of  sugar  in  the  milk  when 
fresh  and  at  intervals  up  to  the  end  of  96  hours  and  (2)  the  amount 
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of  lactic  add  found.    The  lactic  acid  was  detenmned  by  extraction 
with  ether  and  conversion  into  zinc  lactate. 


TaBLB   III. FORIUTION  0 

Lactic  Acn>  in  Soubino  of  Miut. 

.. 

Graus  in  100  C.C.  or  Milk 

Perceot- 

SagK. 

Amount 
of  sugar 

Laotio 
odd. 

sugar 
oonvBrted 
into  lactic 

acid. 

6.30 
5.07 

4:68 
4.68 
4.42 
4.30 
4.26 

■      0'23 
0-47 
0.62 
0.72 
0.88 
l.OO 
1,04 

0.000 
O.20O 
0.330 
0.513 
0.671 
0.665 
1.062 
1,124 

Perct. 

19     • 

The  fermentation  of  the  milk-sugar,  under  the  conditions  of  the 
experiment,  is  slow  during  the  initial  period  but  between  the  loiii 
and  25th  hours  moat  of  the  change  occurs.  With  increase  of  lactic 
acid  beyond  0,7  per  ct.,  bacterial  activity  is  much  reduced.  Between 
the  48th  and  96th  hours,  only  slight  chai^  in  sugar  takes  place. 
Attention  is  called  to  the  appaxent  discrepancy  at  48  and  96  hours 
in  the  relation  of  the  amount  of  lactic  acid  found  to  the  amount  of 
sugar  decomposed.  Apparently  more  acid  is  formed  than  can  be 
accounted  for  by  the  amount  of  sugar  fermented.  This  is  due  to 
the  fact  that  the  acetic  acid  produced  by  the  fermentation  of  the  citric 
acid  is  extracted  by  ether  and  weighed  with  the  lactic  acid. 

In  the  last  column  of  Table  III  we  give  the  proportion  of  fermented 
milk-sugar  that  was  chained  into  lactic  acid.  The  proportions 
vary  from  70  to  93  per  ct.  It  is  known  that  products  other  than 
lactic  acid  are  formed,  varying  in  kind  and  amount  according  to 
the  conditions  of  the  fermentation  process. 

Effed  of  souring  of  milk  upon  oddity  of  milk  and  milk-serum. — In  the 
followit^  table  we  give  (1)  the  amount  of  total  acidity  in  the  fresh 
milk  and  that  found  at  intervals  during  the  process  of  fermentation; 
(2)  the  amount  of  acids  in  the  serum;  (3)  the  amount  of  acids  in 
the  portion  of  the  milk  that  does  not  pass  through  the  porous  por- 
celain filter;  and  (4)  the  amount  of  lactic  acid. 

The  acidity  of  the  insoluble  part  of  the  milk  is  obtained  by  differ- 
ence. The  amount  or  degree  of  acidity,  in  the  case  of  the  milk  and 
milk-serum,  is  expressed  in  terms  of  ^  alkali  required  to  produce 
neutrality  to  phenolphthalem,  after  removal  of  (silcium  by  neutral 
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potas^um  oxalate.    The  amount  of  lactic  acid  was  detenained  by 
extraction  and  converaion  into  zinc  lactate. 

After  12  hours  the  milk  curdled  and  the  acidity  could  not  be 
Batisfactorily  determined  by  titration.  The  figures  given  in  Table 
IV,  column  2,  for  total  acidity  in  milk  after  12  hours  are  obtained 
by  adding  10  (the  amount  of  acid  in  the  fresh  milk)  to  the  amount 
of  lactic  acid  found  by  direct  determination.  The  figures  in  colunm 
4  under  acidity  of  "  insoluble  portion  "  of  milk  and  in  column  5 
under  "  increase  of  acidity  in  milk  "  after  12  hours  are  baaed  also 
upon  the  calculated  amount  of  total  acidity. 


Tabm  IV.— Aanm 

or  Milk, 

Milk-Sbrcii,  etc. 

Act  or  Milk  when 
Sahpud. 

AcmiTT  ExPBTBaED  AS  AifonuT 

TONBtrrKAumlOOco 

a  Alkali  JteatUEEB 
OF  Milk. 

InmOk. 

(2) 

(3) 

Id 
msoluble 

portion, 
p™ 

Increase 
of  acidity 
innulk. 

(5) 

Lactic 
add. 
(6) 

C.c. 
10.0 
12,0 
14.0 
15.6 
19.6 
21.0 
26.0 
33.0 
37.0 
42,4 
47.8 
*55,6 
62.0 
87.1 
84-0 
127.0 
133.0 
135.0 

C.c. 
7.8 
8.2 
B.6 
10.0 
11.8 
13.8 
15.6 
17.0 
20.8 
24.0 
27.0 
30.2 
30,2 
82.0 
41,8 
53,6 
60.0 
62.4 

C.e. 
2.2 
3.8 
4.4 
5,6 
7.8 
7.4 
10,4 
16.0 
16.4 
18.4 
20.6 
•26.4 
31,8 
35.1 
42.4 
73-4 
74.0 
72.6 

C.e, 

2^6 

4.0 
5.8 
9-6 
U.O 
16,0 

27;o 

32.4 
37.6 
*45,8 
62.0 
67,1 
74.0 
117.0 
123,0 
126.0 

C.c. 

£  3 

lU  ■     . 

i2  -  :::::::::::;::: 

m  " 

Attention  \a  called  to  the  following  points  connected  with  the 
results  given  in  Table  IV:  (1)  Increase  of  total  acidity  in  milk. 
There  is  an  increase  of  acidity  in  the  milk;  this  is  more  or  less  rapid 
for  the  intervals  of  the  first  24  hours;  the  increase  during  the  second 
24  hours  is  much  less  than  during  the  first,  and  after  48  hours  further 
increase  ia  inngnificant.  The  acidity  of  fresh  milk  is  due  to  acid 
pliosf^tect.    The  increase  is  due  to  the  production  of  lactic  acid 
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reeulting  from  the  bacterial  decomposition  of  milk-6ugar.  This  is 
clearly  shown  by  a  comparison  of  the  last  two  columns,  in  wbidi 
the  figures  representing  the  increase  of  acidity  in  milk  run  closely 
parallel  with  those  representing  the  amount  of  lactic  acid  obtained 
by  direct  determination. 

(2)  Acidity  of  senmi. —  The  acidity  of  the  serum  increases  durii^ 
the  whole  observed  period  of  96  hours,  but  the  increase  is  relatively 
fflnall  after  the  first  24  hours.  The  increase  of  acidity  in  the  milk- 
serum  is  due  to  the  increased  formation  of  lactic  acid  in  the  milk. 
We  should  expect,  owing  to  the  solubiUty  of  the  compounds  pro- 
ducing acidity,  to  find  the  increase  of  acidity  in  the  serum  closely 
equal  to  the  amount  of  increase  of  lactic  acid.  However,  a  com- 
parison of  the  figures  in  columns  4  and  6  shows  tiiat  the  amount  of 
add  in  the  serum  does  not  increase  as  rapidly  as  lactic  acid.  The 
explanation  that  most  readily  suggests  itself  for  this  condition  is 
that  there  is  adsorption  of  the  acid  compounds  by  the  particles 
of  precipitated  casein,  as  shown  by  L.  L.  Van  Slyke  and  D.  D. 
Van  Slyke  in  Technical  Bulletm  No.  3  (1907)  this  Station. 

(3)  Acidity  of  insoluble  portion. —  During  the  process  of  souring, 
the  calcium  is  removed  from  the  calcium  caseinate  of  milk  and  the 
resulting  form  of  casein  is  able  to  neutralize  alkah.  The  de-calcified 
casein  constitutes  the  portion  of  the  insoluble  part  of  mHlc  that 
possesses  add  properties  but,  owit^  to  its  property  of  adsorbing 
acids,  the  insoluble  part  of  souring  milk,  prepared  by  the  method 
of  filtration  through  a  porous  porcelain  filter,  shows  a  higher  acidity 
than  that  due  to  the  base-combining  power  of  the  de-calcificd  casein. 

Effect  of  souring  milk  upon  insolvbh  calaum  and  inorganic  -phoa- 
phorus. —  The  insoluble  calcium  in  fresh  milk  is  in  combination 
(1)  with  phosphoric  acid  as  CaHP04  and  (2)  with  casein  as  Ca* 
caseinate.  With  the  formation  of  lactic  acid,  the  di-calcium  phos- 
phate is  converted  into  mono-caldum  phosphate  (CaH4pjO«)  and 
the  calcium  caseinate  is  chaI^^d,  first,  into  caaeinates  containing 
less  caldum  and,  finally,  into  uncombined  casein.  In  the  table 
followii^  we  give  for  different  intervals  of  the  process  of  souring 
the  foUowit^  determinations:  (1)  Insoluble  calcium,  total,  (2)  in 
combination  as  CaHP04,  (3)  in  calcium  caseinate,  (4)  amount  of 
calcium  as  CaHPOi  tiiat  is  dissolved,  (5)  calcium  in  calcium  casein- 
ate dissolved,  (6)  insoluble  inorganic  phosphorus,  and  (7)  inorganic 
insoluble  phosphorus  dissolved.  The  values  given  for  fresh  milk 
are  obtained  from  Table  II. 

In  studying  the  data  in  Table  V,  we  call  attention  to  the  following 
summary  of  the  results: 

(1)  Insoluble  calcium  and  phosphorus  in  combination  as  CaHPO* 
begin  to  go  into  solution  as  CaHtPiOg  and  calcium  lactate  in  a  few 
hours  and  the  action  continues  with  increadng  rapidity  most  of  the 
time  until  the  soluti(Hi  is  complete  in  13)  hours  under  tiie  conditions 
of  the  experiment. 
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(2)  The  insoluble  calcium  in  coinbination  with  casein  does  not 
appear  to  be  acted  upon  by  the  lactic  acid  as  quickly  as  does  that  in 
CaHPOi.  A  comparison  of  columns  5  and  6  shows  the  comparative 
rate  of  solution  for  the  calcium  in  these  two  forms  of  combination. 
The  calcium  in  calcium  caseinate  is  not  completely  converted  into 
calcium  lactate  until  the  fermentation  has  been  goir^  on  about 
24  hours.  Broadly  speaking,  the  calcium  in  CaHPO*  is  acted  upon 
E^Mut  twice  as  rapidly  as  that  in  calcium  caseinate  durii^  the  first 
12  hours  under  the  conditions  of  our  experiments. 


DiasoLTBD  IN  Somasa  or 

Milk. 

Aoaoi 

Insolvblx  CALcnni  in 
100  c.  0.  OF  Miix. 

PEBCENTAaE  or  In- 
aoLUBLX  Calcium 
IN      Milk      Dib- 
BOLTED  IN  Case  or 

Insoluble 

inorganic 
phofl- 

Poeent- 
ageol 
iuBoluble 

100  c,c. 

pboa- 

Total. 

biofttloD 
CaHPOt 

ImwtioD 

ate. 

CaHPO. 

Caaedn- 

ate. 

of  milk. 

phoTua 
diaaolred. 

Gromt. 

Oram*. 

fteah... 

.    0.1144 

0.0516 

0.0629 

0.0399 

4hmini 

.    0.1102 

0.0470 

0.0632 

8.7 

00.0 

0,0364 

8.7 

5      ■ 

11.2 

00.0 

0,0364 

11,2 

6     • 

.    0.1041 

0.0431 

0.0610 

16.3 

3-2 

0,0334 

16,3 

7     ' 

.    0.0974 

0.0418 

0.0556 

188 

11,7 

0.0324 

18.8 

27.4 

9     ■ 

.    0.0775 

0.0319 

0.0456 

■     38,0 

276 

0-0247 

38,0 

10    ■ 

.    0.0648 

0  0255 

60.5 

37,6 

0.0198 

50,5 

11     ■ 

65,0 

12     • 

.    0.0368 

0.0O49 

0,0319 

90,5 

0,0038 

90,5 

13     ■ 

.  o.oiei 

0.0019 

0.0172 

96,3 

72.7 

0.0015 

96.3 

m  « 

100,0 

16     ■ 

.    0,0092 

0.0092 

85,4 

10    ■ 

.    0-OOSS 

0.008S 

86.0 

25     • 

.    0.0000 

0.0000 

100,0 

It  may  be  added  here  that  determinations  of  insoluble  magnesium 
were  also  made.  The  results  show  that  the  insoluble  magnesium 
goes  into  solution  completely  in  11^  hours,  which  is  somewhat 
sooner  than  the  insoluble  calcium  in  CaHPOi. 

Effect  of  aoiiring  of  milk  upon  milk-albumin. —  In  Table  II  the  per  ct. 
of  nitn^en  as  eJbumin  in  the  milk  used  in  our  experiments  is 
pven  as  0.0762  gram  per  100  c.c,  of  milk;  the  per  ct.  of  nitrogen 
in  forms  other  than  casein  and  albumin  is  0.0498  gram,  and  the 
per  ct.  of  nitrogen  in  laerum  is  0.0770  gram  per  100  c.c.  of  milk. 
The  amount  of  nitrogen  in  the  serum  includes  that  in  forms  other 
than  cas^  and  albumin,  and  the  amount  of  this  nitrogen  subtracted 
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from  the  nitrogen  found  as  albumin  in  milk  ^ves  the  amount  ol 
albumin  in  the  Berum  (0.0272  gram).  The  amounts  of  tetal  nitro- 
gen and  of  albumin  nitrogen  in  serum  have  been  determined  at 
intervals  during  the  souring  of  milk  and  the  results  are  given  in  the 
following  table. 

Table  VI. —  NiTBoaxN  in  Serum  and  Rxlahom  to  Albuion. 


AflB  or  Milk  When  Sahplsd. 

Total 

from 

100  c.e.  of 

iniUc. 

PowDtaee 
of  nitrogen 

"5F 

MTumfrom 

100  C.C.  of 

milk. 

ofalbiT 
tniutrf 
milk  in 

Oram*. 
0.0770 
0.0960 
0.0970 
0.U20 
0.1180 
0.1270 

■  28 14 
28.0 
46,5 
63.2 
65.0 

Omni. 
0.0272 
0-0452 
0.0472 
0.0622 
0.0682 
0.0772 

000 

The  significant  point  that  attracts  attention  in  connection  with 
the  data  in  Table  VI  is  the  increase  of  nitrogen  in  the  serum.  This 
increase  is  due  to  albumin  since  there  was  no  solution  of  casein  under 
the  conditions  of  our  work.  The  formation  of  lactic  acid  is  appar- 
ently responsible  for  this  change.  The  change  may  be  due  to 
decrease  of  adsorption  of  albumin  by  casein  consequent  upon  the 
change  produced  in  casein  from  caseinate  to  uncombioed  protein  or 
it  may  be  due  to  combination  of  base  with  albumin  in  milk  and  a 
gradual  separation  of  base  and  protein  in  much  the  sa 
as  in  case  of  casein. 
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CONCERNING  THE  UTILIZATION   OF   INOSITE 
IN  THE  ANIMAL  ORGANISM.*t 

R.  J.  ANDERSON. 

SUMMARY. 

This  bulletin  contains  a  report  of  experiments  uriilcli  were  mode 
with  the  object  of  detenoining  the  ntOizalion  of  inosite  in  the  animal 
wganism. 

The  first  part  deals  with  die  efiFect  of  inosite  upon  die  respiratory 
enhange  of  a  dog.  These  experiments  showed  that  inosite  is  not 
trtilized  to  any  extent  by  the  dog.  It  is  not  stored  or  oxidised  in 
die  body  but  die  greater  portion  is  excreted  tmchanged.  When 
giren  per  os  at  the  rate  of  2  grams  per  kilo  of  body  weight  it  does 
not  cause  a  rise  in  the  respiratory  quotient  As  much  as  77  per  ct 
of  the  amount  given  may  be  recovered  from  the  excreta. 

Inosite  is  absorbed  very  slowly  from  the  intestine,  hence  it 
causes  a  more  or  less  severe  diardiea.  As  a  result  it  is  largely 
eliminated  widi  die  feces  and  only  a  smaB  portion  is  excreted  by 
die  kidneys. 

The  second  part  deals  widi  die  effect  of  inosite  upon  the  metabol- 
ism of  man.  It  is  shown  that  when  inosite  is  taken  at  the  rate  of 
about  0.5  gram  per  kilo  oi  body  weig^  per  day  it  produces  some 
dianfaea  at  first  or  frequent  soft  stools.  After  a  few  days  die 
stools,  altfaough  more  fiequent  than  usual,  are  nearly  of  normal 
coasstency. 

Except  f<ff  die  increased  excretion  of  creatinine  in  the  after 
period,  for  vtuch  we  can  now  offer  no  explanation,  we  find  that  die 
ingestion  (A  tnoate  has  no  marked  or  appreciable  effect  iqon  tiie 
general  metabolism  <tf  man. 

About  9  per  ct  of  die  inosite  taken  per  os  is  eliminated  unchanged 
ia  die  urine,  but  none  in  the  feces.  In  what  manner  the  balance, 
or  about  91  per  ct,  of  the  inosite  is  utilized  we  have  not  been  able  to 


t  A  nprint  of  Technical  3uUetiii  No.  54,  May,  1BI6. 
11  [2571 


loy  Google 


258      BxpoBT  OF  THE  Depastuent  of  Chbhistbt  of  the 

L  CONCERNING  THE  EFFECT  OF  INOSITE  UPON 

THE  RESPIRATOEY  EXCHANGE  IN 

THE  DOG.i 

R.  J.  ANDERSON. 
INTRODTJCnON. 

In  connectioi)  with  the  investigations  concerning  the  occurrence 
and  chemical  propertiee  of  phy^  and  inoeite  phosphoric  acids* 
and  the  phymological  rftle  of  these  eubstances,  we  have  undertaken 
a  few  experiments  to  determine  the  fate  of  inosite  and  ita  utilization 
in  the  anima]  organism.  The  previous  work  on  phytin  in  this  lab- 
oratory *  concerned  itadf  chiefly  with  the  physiological  relation  of  the 
phytin  phosphorus  to  the  metabolism.  In  tiie  present  paper  we  deal 
with  the  organic  radical,  inosite,  of  the  phytin  molecule. 

The  wide  distribution  of  inosite  in  the  vegetable  and  animal 
kingdoms  has  led  to  many  investigations  concerning  the  physdological 
function  of  this  substance  in  the  animal  oi^anism.  Since  inodte 
was  first  discoTOred  in  musde  by  Scherer*  it  has  been  found  in 
practically  aH  of  the  tissues  and  fluids  of  the  body  *  and  it  appears 
to  be  a  iKMinal  constituent  of  the  urine.*  In  the  v^etable  kingdom, 
inoate  is  also  widely  distributed,  occurring  free  in  many  plants  and, 
particularly,  coigagated  with  phosphoric  add  as  phyon  or  inosite 
nexaphoephoric  acid  '  in  seeds,  roots  or  tubers. 

The  earlier  investigators  *  sought  to  establish  some  relation  of 
inodte  to  the  carbohydrates  and  to  the  elimination  of  sugar  in 
diabetes.  KOlz  *  in  an  extensive  series  of  experiments  examined 
both  normal  and  diabetic  subjects.  He  found  normal  human 
urine  practically  free  &om  inosite  but  from  the  urine  of  six  normal  - 
males  after  excessive  drinking  of  beer  or  wine  he  obtfuned  from  0.4 
to  0.9  grams  of  inorafe.     After  feeding  from  30  to  50  grams  of  inosite 

>  Th«  exptnmcntel  work  herdn  rqxHiod  wu  earned  out  in  the  Institute  of  Phyai- 
tHogy,  Univerd^  College,  London. 

'  R.  J.  AndenoQ,  Journ.  fiiol.  CAem.  11:471;  12:97;  12:447;  13:311  (1912);  17:141; 
18:^5;  18:441  (1914);  30:463;  30:475;  20:483;  30:493  (1916),  and  N.  Y.  StMton 
Tetdi.  Bull.  19,  21,  22,  25  (1912);  32,  36  (1914);  40  (1915). 

■Jordan,  Hart  and  Pa.tbBa,Am.Joarn.Pkytiol.  16:268  and  N.Y.  Sta.Tech.  Bui.  1. 
A.  R.  KoBB,  N.  Y.  8ta.  Tech.  Bui.  20. 

•Sohwr,  liebig'a  Jnnolm  73:322  (1850). 

*  A  review  erf  the  literature  wfll  be  found  in  Meyer  u.  Jacoliaon,  Ldirbuoh.  d.  orgajL 
Chem.    Bd.  II,  Thid  I,  1902,  p.  807. 

*  Hopp».Se;ler,  Hsodbudi  d.  Chem.  Analyae,  7  aufl.  p.  220.  E.  Starkenatein,  Ztadir. 
taper.  PalM.  «.  nerapk,  5:378  (1908). 

'  A  lOTiew  of  Hter^ton  U  ^ven  by  A.  R.  Rose,  Biotium.  Bui.  3:21  (1912). 
'  See  E.  Starkaut^te,  be.  dt,  for  review  of  the  lit^atuM. 
■E.  K01>,  Ktninp4i«iabte  d.  Gea.  i.  BefOrd.  d.  gee.  Naturwinen.    Marbni^, 
1876  «nd  1876.    Bailrlee  i.  F&thoL  u.  Tber^ne  d.  Diabetea  MdUtuB.    Bd.  1,  1874. 
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to  luvmal  mdividuala  he  was  able  to  recover  only  from  0.2  to  0.5 
gram  of  inoeite  from  the  urine.  In  the  case  of  cUabetics  the  aasae 
quantity  of  inosite  gave  practically  the  same  result  and  there  was  no 
increase  in  the  eliminatioii  of  sugar.  He  thought,  for  this  reason, 
that  inoEdt«  might  be  utilized  in  the  diabetic  organism  as  a  source  of 
energy  in  place  of  sugar.  By  experiments  on  rabbits  he  also  showed 
that  inosite  did  not  give  rise  to  the  formation  of  glycogen. 

These  studies  were  later  continued  by  Mayer.'"  His  results  con- 
firm those  reported  by  Kfilz  concerning  the  nonformation  of  glycogen 
from  inoste.  After  feeding  from  2  to  15  grams  of  inoaite  per  os  to 
rabbitfi,  only  small  amounts,  from  2  to  2.4  per  ct.,  of  the  substance 
were  recovered  from  the  urine.  When  it  was  given  subcut&neously, 
however,  he  found  that  from  26  to  51  per  ct.  of  the  inosite  was 
eliminated  unchanged  in  the  urine.  In  addition  to  the  inosite 
small  quantities  of  lactic  acid  "  were  sometimes  isolated  from  the 
urine  ^ter  the  inosite  had  been  given  subcutaneously. 

Results  very  similar  to  the  above  were  reported  about  the  same 
time  by  Starkenstein.>*  About  5  per  «t.  of  the  inosite  given  per  os 
to  rabbits  was  recovered  in  the  urine.  When  the  substance  was 
injected  subcutaneously  about  42  per  ct.  and  after  intravenous 
injections  about  50  per  ct.  of  the  mosite  were  eliminated  in  the 
urine.  This  author  concludes  that  inosite  is  a  normal  cell  con- 
stituent; tiiat  it  is  only  slightly  oxidised  in  the  body  becai^e  a  large 
percentage  of  it  is  eliminated  unchanged  in  the  urine  after  bdnjg 
given  in  subcutaneous  or  intravenous  injections  and  that  disap- 
pearance of  inosite  ^ven  per  os  ia  not  permissible  as  proof  of  its  being 
oxidised  by  the  body  since  it  may  be  destroyed  by  bacteria  in  the 
intestine. 

It  is  evident  from  the  work  which  tuis  been  done  on  this  subject 
th&t  inosite  ipven  per  os  is  either  largely  destroyed  by  bacteria  in 
the  intestine  or  else  it  is  stored  or  oxidised  in  the  body,  beca<ise  very 
small  amounts  of  it  are  eliminated  in  the  urine.  In  the  hope  m 
throwing  some  further  light  upon  the  fate  of  inosite  in  the  animal 
organism  we  have  carried  out  some  respiration  experiments  with  a 
dog  which,  in  a  fastmg  condition,  was  fed  inosite  per  os  just  previous 
to  being  placed  in  the  respiration  apparatus.  If  inosite  were  oxidised 
in  the  body  in  the  same  manner  as  the  carbohydrates  or  dextrose, 
for  instance,  then  a  rise  in  the  respiratory  quotient  should  be  observed. 
The  experiments  have  shown  however,  that  there  was  no  appreciable 
rise  in  the  respiratory  quotient  after  giving  10  grama  of  inosite.  It 
is  evident,  therefore,  that  inosite  is  not  oxidised  in  the  dog  in  the 
manner  of  dextrose  and  if  oxidation  or  other  changes  take  place  it 
is  slowly  and  in  such  a  way  as  not  to  effect  the  respiratory  quotient 
during  the  first  two  hoaie  following  its  ingestion. 

»P.M&7«,  Bioehem.  Zitdtr.  2:393  (1907). 
"  P.  Ibyer,  Buchem.  Zttdv.  9:533  (1908). 
"E.  StarkeDBtein,  ZIwAr.  txper.  Pathol,  v.  Therapie,  S:378  (1908). 
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It  was  observed,  about  two  or  three  hours  after  the  ino^te  had  been 
pven,  that  considerable  diarrhea  set  in.  Unfortunately  it  was 
not  possible  to  separate  the  urine  and  the  liquid  excreta; —  these  were 
therefore  examined  together.  In  one  case,  however,  the  liquid 
feces  were  voided  outside  of  the  metabolism  cage  and  the  urine  was 
collected  quite  clear.  When  this  clear  urine  was  examined  it  was 
found  to  cont^  but  0.4  gram  of  inosite.  This  shows,  as  in  the  case 
of  man  reported  by  Kulz  "  and  rabbits  reported  by  Mayer  "  and 
Starkenstein,'^  that  but  small  amounts  of  inosite  are  eliminated 
through  the  kidneys  of  the  dog.  When  the  urine  was  mixed  with 
Lquid  feces,  however,  very  large  quantities  of  in(wit«  were  obtained, 
and  in  one  case  as  much  as  77  per  ct.  of  the  amount  given  was 
recovered  from  the  mixed  excreta. 

EXPERIMENTAL  PART. 

The  incite  used  in  this  work  was  prepared  from  crude  phytin  by 
hydrolyzing  this  substance  with  dilute  sulphuric  acid  in  an  autoclave. 
It  was  carefully  purified  by  repeated  recrystallization  from  water. 
The  snow-white  product  finally  obtiuned  was  free  from  ash  and  it 
melted  at  220  degrees  (uncorrected.) 

A  small  bitch  weighing  5,700  grams  was  selected  for  these  experi- 
ments and  tnuned  for  use  in  the  respiration  apparatus.  The  animal 
was  kept  in  a  metabolism  cage  and  fed  once  a  day,  in  the  evening, 
oa  cooked  meat  and  dog  biscuit,  but  during  the  period  when  inoste 
was  given  meat  was  the  sole  food. 

The  Benedict  respiration  apparatus  described  by  Mo(nrhouse, 
Patterson  and  Stephenson  "  was  used.  The  carbon  dioxide  and 
oxygen  measurements  were  made  as  there  described  and  for  par- 
ticulars we  refer  to  the  above  paper. 

The  animal  was  fed  late  in  the  afternoon,  about  five  o'clock,  and 
the  respiration  observations  were  made  about  eighteen  hours  after- 
wards. The  quotients  in  this  fasting  condition  are  given  in  Table  I. 
The  %ure8  obtained  lie  within  the  limits  usually  observed  under  these 
conditions. 

The  inosite  was  given  dissolved  in  about  70  c.c.  of  warm  water. 
This  solution  was  taken  at  first  just  as  readily  as  one  of  glucose  but 
after  a  while  the  inosite  solution  was  absolutely  refused  and  it  bad 
to  be  ^ven  by  the  stomach  tube.  A  few  minutes  after  the  inosite 
had  been  given  the  animal  was  placed  in  the  respiration  apparatus 
and  the  observation  periods  varied  from  li  hours  to  about  2  hours. 
It  will  be  noticed  by  referring  to  the  figiu^s  in  Table  II  that  the 
respiratory  quotients  during  these  periods  are  slightly  higher  than 

"B,  Kttli  — loc.  cit. 

"  p.  Mayer  —  loc.  cit. 

"  E,  StarkenBtein  —  loc.  cit. 

••  Moorhoiue,  Patteraon  and  StepheiwHi,  Biochem.  Joum.  9: 176  (1916). 
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tiioee  in  the  fosting  condition,  Table  I.  The  difference  is  very  alight, 
however,  and  it  is  doubtful  if  the  small  rise  in  the  respiratory  quotient 
is  due  to  oxidation  of  the  inosite.  The  animal  showed  signs  of  dis- 
comfort during  the  inoslte  periods  and  was  more  or  less  restless, 
consequently  the  oxygen  measurement  was  more  difficult.  Diar- 
rhea usually  set  in  a  short  time  after  the  animal  was  removed  from 
the  respiration  apparatus. 


Tabu  I. —  Fastinq  REsnaATOBT  Qu 

omimoF 

DOQ. 

DiTB. 

of  period. 

CO*.o. 
minute. 

minute. 

Bespiro- 

tory 
quotient. 

RemarlCB. 

FA.  11 

"    12 

■    15 

'  a 

42mmut«e. 
64       ' 
5S        " 
46       ■ 

40.35 
44.62 
42,03 
35.95 

54.61 

5S.65 
65.72 
45.65 

0739 
0.760 
0.754 
0,787 

Very  quiet. 

Tasis  U. —  RESFUUTORr  Q 

COTIBNTSOF 

DoaAITBB 

GiviNO  10  Graus  of  Inosite. 

Datb. 

Length 

of 
p«iod. 

Cotcc. 
minute. 

0«!.C, 

minute. 

Respira- 
tory 
quotient. 

Fab.  11 

•    12 

■  15 

■  17 

SOminutea 
126        " 
123        " 
111         ■ 

45.18 
44,72 
44.13 
43,38 

57.73 

66, a) 

56,50 

68,08 

0.782 
0,791 
0,780 
0,747 

More  or  Uas  reatleee 

For  comparison  with  the  quotients  tabulated  above  some  figures, 
after  feeding  glucose,  are  given  in  Table  III. 


Table  III.~  Rwpiratobt  QoonBimi  of  Dog  after 

Feeding  Glucose. 

Date. 

GlucoK. 

period. 

CO,c.c. 

per 
minute. 

0*,c. 
minute. 

Respira- 
tory 

RemiukB. 

F*.  9.... 

■  18,.., 

20  grama, 
10     " 

63  minutes. 

78       " 

69,77 
65.20 

60.84 
66.02 

0,982 
0,989 

JReetiesB. 
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In  Table  IV  are  given  the  amountB  of  inosite  "  recovered  from  Hib 
urine  and  liquid  feces.  In  this  connection  it  muBt  be  stated  that 
only  the  liquid  portion  of  the  excreta  which  collected  in  the  bottle 
underneath  the  metaboliam  cage  was  analyzed  for  inoeite. 


Table  IV.—  iNoain  Rbcovebbd  n 

on  Uhinc 

AMD    LWDIB    FlCU   Of   DOO. 

Bxiwriment 

Iiuwite 

iDoaito 

Peroent- 

ftge 
modto 
recovered 

Onrnt. 
10 
10 
10 
10 
10 
10 

None 

None. . . . 

Onsma. 
0.40 
4.00 
1.27 
2.25 
6.30 
7.70 
0.20 
Tnwe 

Perd. 
4.0 
40.0 
12.7 
22.5 
63.0 
77.0 



Urine  plus  f  eee^ 

i?j*ty| 

s-  ^;::;::::.::..;.: 

The  variation  in  the  amounts  of  inosite  recovered  in  the  first  four 
experiments  is  due  no  doubt  to  the  fact  that  in  these  periods  the  d<^ 
was  used  for  the  respiration  observations  and  shortly  after  being 
removed  from  the  respiration  apparatus  diarrhea  set  in  and  these 
liquid  stools  were  lost.  During  the  5th  and  6th  experiments,  how- 
ever, the  dog  was  kept  in  the  metabolism  cf^  the  whole  time  and 
all  of  the  liquid  feces  and  the  urine  were  collected  tt^ether. 

After  the  6th  experiment  the  clear  urine  was  collected  for  Uie  nrart 
three  days,  and  analyzed  for  inosit«.  By  referring  to  the  table  it  will 
be  noticed  that  the  combined  urine  of  the  1st  and  2d.A  day  contuned 
only  0.2  grams  of  inoeite  while  on  the  3rd  day  a  mere  trace  was 
obt^ned.  This  shows  that  practicfilly  all  of  the  insoite  given  is 
eliminated  within  twenty-four  hours;  evidently,  therefore,  either 
none  or  very  little  of  it  can  be  stored  in  the  body. 

Since  the  clear  urine.  Table  IV,  contained  very  little  and  the  urine 
plus  liquid  feces  contained  very  much  inosite  it  would  seem  that  by 
far  the  greater  portion  of  the  substance  was  not  absorbed  but  that 
it  was  eliminated  through  the  bowel.  In  order  to  determine  to  what 
extent  inosite  is  absorbed  in  the  intestine  the  following  experiment 
was  made:  A  section  about  two  feet  long  of  the  small  intestine  of  a 
dog  was  exposed  "  and  washed  out  with  physiologica]  salt  solution. 
One  end  was  ligatured  and  a  solution  of  3  grams  of  inosite  in  50  c.c. 
of  warm  water  was  introduced  and  the  other  end  was  also  ligatured. 

"The  iDodto  waa  iaoUted  by  the  method  of  P.  Mayer,  Biodten.  Zfdr.  2:398, 
(1907). 
"  The  operation  wm  peribrmed  by  Prof.  E.  H.  Starling. 
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The  whole  was  replaced  in  the  abdominal  cavity,  the  incision  loosely 
closed  and  the  animal  kept  under  chloroform  for  two  hours.  On 
removing  the  section  of  the  bowel  it  was  quite  distended  and  it  con- 
tained 90  C.C.  of  liquid.  From  this  liquid  2.95  grams  of  inoeite 
were  isolated,  i.  e.,  the  substance  was  recovered  practically  qiiantitar 
tively. 

The  author  takes  pleasure  in  acknowledgiiig  fais  indebtedness  to 
Prof.  E.  H.  Starling  for  help  and  advice  in  canyii^  out  the  above 
experiments  and  to  Dr.  V.  H.  K.  Moorhouse  for  aasistaace  in  using 
the  respiration  apparatus. 
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IL  THE  EFFECT  OF  INOSITE  XJPON  THE  MET- 
ABOLISM OF  MAN. 

R.  J.  ANDERSON  and  A.  W.  BOSWORTH. 

INTRODUCTION. 

The  objecte  of  this  investigafjon  were  to  determine  whether  the 
ingestion  of  inosite  has  any  noticeable  influence  upon  the  metaboliaoi 
of  man  measurable  in  terms  of  the  nitrogen  and  phosphorus  excretion 
and  also  the  fate  of  inoate  in  the  human  body  and  its  ch^nels  of 
elitnination. 

It  has  been  shown  by  one  of  us '  that  inoeite  is  not  utilized  to 
any  extent  by  the  dog,  that  it  acts  as  a  strong  pui^tive  and  that  the 
greater  portion  is  eliminated  unchanged  through  the  bowel. 

That  inosite  causes  more  or  less  severe  diarrhea  in  both  man  and 
animals  when  given  in  large  quantities  has  been  observed  previously 
by  Kulz  *  who  thought  that  the  diarrhea  was  caused  by  the  trans- 
formation of  the  inosite  into  lactic  acid  in  the  intestine.  In  normal 
or  diabetic  human  subjects  from  30  to  50  grams  of  inoeite  per  day 
caused  considerable  diarrhea  and  only  from  0.2  to  0.5  gram  of  tlw 
inoeite  was  recovered  from  the  urine.  This  author  does  not  report 
the  examination  of  the  feces  of  his  subjects  for  inosite.  In  the  case 
of  rabbits  the  above  author  found  that  inorate  caused  diarrhea  and 
only  small  quantities  of  the  substance  were  recovered  from  the  urine. 
Results  very  similar  to  the  above  have  been  reported  by  Mayer* 
and  Starkenstein,*  who  both  used  rabbits  as  subjects. 

Of  the  previous  investigations  concerning  the  physiolc^cal  rflle  of 
inosite  in  man  those  of  KtUz  (1,  c.)  are  probably  the  most  thorough 
and  he  had  an  imuaually  large  quantity  of  inosite  at  his  disposal  for 
experimental  purposes,  having  prepared  about  a  pound  of  it  from 
green  beans.  The  extremely  high  price  and  the  small  available 
quantities  of  inosite  have  presented  great  difficulties  in  carrying  out 
investigations  with  this  substance.  We  prepared  several  hundred 
grams  of  pure  inosite  for  the  present  work  by  hydrolyzing  crude 
phytin  with  dilute  sulphuric  acid  in  an  autoclave.  The  substance 
was  purified  by  repeated  recrystallization  from  water.  The  snow- 
white  crystalline  product  finally  obtained  was  free  from  ash  and 
melted  at  220  degrees  (uncorrected). 

Our  results  confirm  those  of  previous  investigators  that  inosite 
given  per  os  disappears  and  only  small  quantities  are  eliminated  in  the 

*  R.  J.  Anderson;  see  pt«eediDR  t^ticle. 

*E.   KtUz,   SitiungBberichte  d.   Ges.   z.   Beffird  d.  gea    NaturwiBBen,     Marburg, 
1875-1876. 
'P.  Mayer,  Biochem.  ZUchr.  3:383,  (1907). 
*E.8tukf)aBiaa,ZlKhr.f.tscj>tT.  Pathol,  a.  TAerajne  5:378  (1908). 
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urine.  Kiik  (1.  c.)  recovered  only  about  0.9  per  ct,  of  the  iooeite  given 
from  the  urine  of  human  subjects.  Our  figures,  however,  are  about 
ten  times  greater,  i.  e.,  we  recovered  from  the  urine  nearly  9  per  ct. 
of  the  ingested  inoeite.  Careful  examination  of  the  feces  was  made 
but  we  failed  to  obtain  a  trace  of  inosite.  Consequently  the  urine 
is  the  only  channel  of  elimination  of  inosite  in  man. 

In  what  manner  the  balance,  about  91  per  ct.,  of  the  inosite  is 
utilized  or  destroyed  is  uncertain.  It  has  been  shown  by  the  investi- 
gations of  Mdlldre  *  and  ^so  Starkenstein  *  that  inosite  is  destroyed 
by  the  colon  bacillus.  It  has  also  been  shown  by  Hilger  '  and  Vohl  * 
that  inosite  is  transformed  into  lactic  acid  by  the  bacteria  found  in 
putrid  cheese.  Experiments  by  Starkenstein '  indicate  that  inosite 
is  destroyed  by  autolytic  ferments  of  muscles  and  the  liver  with  the 
simultaneous  increase  of  lactic  acid. 

Our  results  do  not  show  whether  the  inosite  was  destroyed  by 
bacteria  in  the  intestine  or  underwent  oxidation  in  the  body.  If  the 
ino^te  was  changed  into  lactic  acid  it  is  evident  that  only  traces 
of  it  were  excreted  as  such  because  there  was  no  appreciable  increase 
of  ammonia  in  the  urine,  Table  III.  At  present  we  can  only  record 
the  fact  that  of  the  inodte  given  only  about  9  per  ct.  escaped  destruc- 
tion and  was  recovered  from  the  urine. 

It  is  evident  from  the  data  presented  in  the  experimental  part  that, 
except  for  the  increased  excretion  of  creatinine  in  tbe  after  period, 
the  ingestion  of  ino^te  at  the  rate  of  about  0.5  gram  per  kilo  of  body 
weight  has  no  appreciable  influence  upon  the  metaboUsm  of  man. 

EXPERIMENTAL  PART. 

To  determine  the  channels  of  elimination  of  inosite  in  man  we 
carried  out  the  following  preliminary  experiment.  One  of  us 
(A.  W.  B.)  received  30  grams  of  inosite  dissolved  in  water  in  three 
equal  portions  during  the  day.  The  following  morning  a  solution  of 
10  grains  of  inosite  was  given.  About  four  hours  after  the  first 
10  grams  of  inosite  were  taken  a  very  loose  watery  stool  was  passed 
and  during  the  twenty-four  hours  there  were  three  more  very  watery 
stools.  TTie  second  day  the  stools  were  almost  of  normal  consistency, 
During  the  first  and  second  day  the  subject  complained  of  an  uneasy 
or  uncomfortable  feeling  and  of  a  pecuhar  sensation  in  the  chest  and 
abdominal  muscles.  This  feeling  disappeared  towards  the  end  of 
the  third  day  and  on  the  fourth  day  he  felt  normal  agun. 

The  urine  and  feces  were  collected  in  24-hour  periods  and  examined 
for  inosite.  For  the  isolation  of  tbe  inosite  we  used  the  method  of 
Mayer'"  which  is  briefly  as  follows:   The  urine  was  evaporated  to 

*  MoD&e,  Compt.  rend.  d.laSoe.ie  Bid.  ISO/,  p.  1006. 

*  E.  Starkenetein,  loc.  cit. 
'Hilg«r,  Liri>igB  Annaien,  160:333. 

*  Vohl,  Ber.  d.  d.  diem.  Gtt.  9:984,  (1876). 
■  E.  Starkcorteiii,  Vm.  cit. 

»  P.  M«y«,  Bwcfcm.  ZttAr.  3:398  (1907). 
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about  one-fourth  of  its  volume  and  precipitated  with  excess  of  lead 
acetate.  After  standing  a  short  while  the  precipitate  was  filtered 
off  on  a  Buchner  funnel  and  washed  with  water.  The  filtrate  was 
heated  to  boiling  and  precipitated  with  excess  of  bamc  lead  acetate  and 
finally  rendered  strongly  alkaline  with  coacentrated  anunonia. 
After  standing  for  24  hours  the  precipitate  was  filtered  on  a  Buchner 
funnel  and  washed  with  water.  It  was  then  suspended  in  water  and 
decomposed  with  hydrogen  sulphide.  After  removing  the  lead 
sulphide,  the  filtrate  was  evaporated  on  the  water-bath  almost  to 
dryness.  The  residue  was  taken  up  in  a  little  hot  water,  decolorized 
with  animal  charcoal,  again  evaporated  to  small  bulk,  transferred 
to  an  Erlenmeyer  flask  and  broi^t  to  crystalli»ation  by  the  addition 
of  about  10  volumes  of  absolute  Scohol.  After  the  greater  j>ortion  of 
the  inoeite  had  crystallized  out  ether  was  added  until  the  solution 
turned  cloudy  and  the  whole  was  allowed  to  stand  in  the  icebox 
over  night.  The  crystals  were  then  filtered  off,  washed  with  alcohol 
and  ether,  dried  in  the  air,  and  weighed. 

The  feces  were  examined  as  follows:  The  freah  material  was  stirred 
up  with  water  until  of  uniform  consistency.  Lead  acetate  waa  then 
added  and  after  standing  for  some  time  it  was  filtered  and  washed. 
The  filtrate  was  eva[>orated,  precipitated  with  basic  lead  acetate,  etc., 
as  mentioned  above. 

The  amount  of  inosite  recovered  in  the  excreta  is  given  below  in 
Table  I. 


Taslb  I.- 

DAT. 

Amoimt  (rf 
inoaib! 
pven. 

iDodte 
reeoTwod 
from  the 

Percentage 
of  inoute 

'to' the 
urine. 

Inoaite 
reoovGrad 
from  tite 

feoeo. 

Oromt. 
30 
10 

Now. 

Oram*. 
2.6 
1.1 

Per  d. 

uioo 

2 

None. 
None. 

The  results  show  that  in  man  a  small  quantity  of  the  ingested 
inoMte  is  eliminated  in  the  urine  and  that  the  feces  contain  none; 
also  Uiat  it  is  either  absorbed  and  oxidised  in  the  body  or  else 
destroyed  in  the  intestine  and  that  the  excretion  of  unchuiged  inosite 
is  complete  n  24  hours  because  on  the  third  day  the  urine  contained 
only  a  trace  of  the  substance.  We  find  that  the  quantity  of  inosite 
excreted  by  the  kidneys  ia  about  10  times  greater  than  found  by 
Kulz.  This  is  probably  due  to  the  improved  method  (tf  isdatiiig 
the  substance. 
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In  a  second  more  extensive  experiment  we  have  sought  to  discover 
if  the  ingeation  of  inoEdte  produced  any  change  or  disturbance  in  the 
metabolism.  For  this  purpose  we  selected  a  period  of  eight  days 
during  which  the  food  of  the  subject  (A.  W.  B.)  was  carefully 
regulated.  Unfortunately  we  failed  to  maintain  any  control  of 
the  food  intake  durii^  the  days  foUowii^  the  actual  experiment  or 
after  period.  The  results  are  vitiated  also  by  the  fact  that  the  period 
over  which  our  expenment  extended  was  not  of  sufficient  length  to 
Iwing  the  subject  to  a  condition  of  nitrogen  equilibrium  and  that  we 
analyzed  only  one  sample  of  each  article  of  food.  Since  it  was  a 
liberal  uid  mixed  diet  conmsting  of  meat,  eggs,  milk,  potatoes,  bread, 
etc.,  it  is  very  probable  that  the  actual  intake  dming  the  whole 
period  was  different  from  what  we  figured  from  the  result  of  one 
analysis.  Despite  these  drawbacks  we  feel  justified  in  publishing 
briefly  the  results  obtained  because  these  results  are  negative,  i.  e. 
our  observations  have  failed  to  reveal  any  noteworthy  or  strikinK 
change  in  the  general  metabolism  as  a  result  of  the  ingestion  en 
inoeite. 

Durii^  this  second  experiment  which  was  begun  a  few  months 
after  the  first  one  reported  above,  we  began  the  inosite  period  by 
^ving  only  15  grams  of  the  substance  the  first  day.  On  the  second , 
and  subsequent  days  30  grams  of  inosite  were  given.  In  this  way 
the  uncomfortable  diarrhea  was  avoided.  The  stools  were  more 
frequent  and  softer  than  usual  but  towards  the  end  of  the  period  they 
were  nearly  of  normal  conaHtency.  There  were  no  feelings  of  dis- 
comfort or  distress,  in  fact  the  subject  felt  practically  normal  through- 
out the  expetiment,  performing  nia  laboratory  work  in  the  usual 
manner. 

The  total  nitrogen  and  phosphorus  balance,  with  the  caution 
mentioned  above,  ia  given  in  Table  II.  The  difi^culty  of  bringing 
man  to  a  nitrogen  equilibrium  and  the  fact  that  the  diet  gave  a 
nitrc^es  intake  quite  a  little  below  the  usual  average  daily  intake  of 
the  subject  makes  the  minus  nitrogen  and  phosphonia  balance 
have  no  special  significance. 

Figures  covering  the  elimination  of  nitn^n  in  the  urine  are 
tabulated  in  Table  III.  There  was  a  considerable  rise  in  the  creatin- 
ine output  which  began  on  the  last  day  of  the  inoute  period  and 
'  extended  through  the  whole  of  the  after  period,  the  first  two  days 
ci  the  after-period  showing  a  marked  incTease  in  creatinine  elimina- 
tion. During  the  after  period  the  subject  ate  the  same  diet  as 
during  the  net  of  the  experiment  but  the  food  was  not  accurately 
w^^bed.  In  view  of  this  fact,  the  increased  creatinine  output 
during  the  after  period  would  seem  to  be  an  import^ant  observa- 
tion and  a  matter  well  worthy  of  further  study. 

The  uric  acid,  creatinine  and  anuuonia  were  determined  by  the 
F(^  methods. 
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Pmeliuinabt  Pebiod. 

iNoam  Period. 

1 

2 

3 

4 

S 

6 

7 

Grama   nitrogen, 
intake 

15.254 

15.483 

11.781 

12.131 

12.880 

11.356 

11.151 

11.240 

GnunB    nitrogen 
outgo 

15.018 

13.602 

14,233 

12.667 

13.943 

11.682 

13.147 

11-821 

phtffus,  intake. 

1.832 

1.708 

1.362 

1.3S4 

1,592 

1.318 

1.323 

1-330 

Grams      p  h  o  s 
ph<«UB,  outgo. 

2.1267 

1.6628 

1.8688 

1.S634 

1.8469 

1.4029  1.S119 

1,4680 

Total nitrogeo  intalcc  preliminary  period 54,649  grams. 

Total  nitn^en  outgo  preliminary  period 56 ,  520  " 

Minus  nitrogen  balance 0.871  ° 

Total  pboaphoniB  intake  preliminary  period 6 ,  286  " 

Total  phosphoruB  outgo  preliminary  period 7.3215  ' 

Minus  phosphorus  balance 0.9355  " 

Total  nitrogen  intake  inosito  ptriod 46,635  ' 

Total  nitrogen  outgo  inofflte  period. 50.593  ' 

Minus  nitrogen  balance 3,958  " 

Total  phoKphorus  intake  inosite  period 6.S63  " 

Total  phosphorus  outgo  inosite  period 6, 2297  " 

Minus  phoephoruB  balance 0,6667  ' 

The  phosphorus  ehmination  in  the  urine  is  recorded  in  Table  IV. 
The  total  phosphorus  was  determined  after  destroying  the  organic 
matter  by  the  Neumann  method.  The  inorganic  phosphorus  is 
that  quantity  which  was  directly  precipitated  by  ammonium  molyb- 
date  after  acidifying  the  urine  with  nitric  acid  and  adding  ammonium 
nitrate.  The  organic  phosphorus  was  found  by  difference.  It  will 
be  noticed  by  referring  to  the  table  that  the  organic  phosphorus  varied 
from  0  to  0.0178  gram  with  an  average  of  0.0102  gram  per  day. 
This  agrees  with  the  average  quantity  of  oi^^anic  phosphorus  usually 
found  m  normal  urine." 

The  amount  of  nitrogen  and  phosphorus  exc:eted  in  the  fece:  is 
tabulated  in  Table  V.  A  notable  rise  in  the  nitrogen  excretion  is 
observed  during  the  inodte  period.  This  was  no  doubt  due  to  the 
more  frequent  stools  and  consequent  less  complete  absorption  in  the 
intestine.  Since  it  was  shown  in  the  preliminary  experiment  that 
inosite  was  only  eliminated  in  the  urine  the  feces  were  not  examined 
this  time  for  tJbis  substance. 

1  For  review  of  the  littrature,  see  E.  B.  Porbw  and  M.  H.  Kath,  Ohio  Agric.  Ebq>. 
at*.  Tecb.  Bui.  5,  p.  190.    1914. 
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TiBLE  v.—  NiTROOHH  AHQ  PBOSPHOBn  EZOBBTIOM  IH  TBI  Ff  CU. 


Pmuminabt  Pmiod. 

iNoom  PamoD. 

3 

4 

Nitrogen,  srama. 

2.110 

0.800 

1.960 

1.463 

2.439 

1.788 

1,861 

2-687 

Pboaphorui, 

gfWM 

0.941 

0.41S 

0.762 

0.648 

0.792 

0.462 

0.436 

0-641 

In  Table  VI  the  daily  intake  of  ino»te  and  tlie  quantities  recovered 
from  the  utine  are  recorded.  The  same  method  of  isolation  was 
used  as  before.  The  inoeite  was  excreted  in  about  the  same  pro- 
portion as  in  the  preliminary  experiment.  The  total  intake  amoimtai 
to  105  grams  of  inosite  and  only  about  9  grams  were  recovered. 
The  balance,  06  grams,  was  either  oxidised  in  the  body  or  destroyed 
by  bacteria  in  the  intestine.  E>vidently  the  inodte  could  not  have 
been  stored  in  tlie  body  because  the  elimination  ceases  with  the 
intake. 


TiB 

aVI.- 

Inobtte  Intake  amu 

Outgo 

6 

« 

7 

8 

9 

10 

11 

Vohune  (rf  urine,  c.c 

770 

810 

1,460 

900 

1,176 

1,390 

1,660 

1,070 

Inooto  int^e,  grutu 

16 

80 

30 

30 

None 

None 

None 

None 

Inoahe  emreted,  gcanu. . . 

0.88 

2.6 

3.19 

2.6 

0.47 

Tnoe 

Trace 

Trace 
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CONCERNING  CERTAIN  AROUATIO  CONSTTTU. 

ENTS  OF  URINE.* 

R.  J.  AHDEfiSON. 

SUHMART. 

L  It  has  been  shoim  that  ttie  so-called  neutral  oU  obtained  from 
cow  mine  con^sts  foe  the  gieater  part  of  p-cresoL  Mlied  with 
ttiis,  however,  tfieie  is  present  a  Tety  small  percentage  (tf  an 
aromatic  non-^dwnoUc  oil  of  agreeable  odor  having  tiie  conmositton 
CioHuO.  This  substance  is  present  In  larger  amount  dunag  tiw 
sttnuner  flian  In  Ok  winter.  The  non-^enolle  oils  eureted  during 
the  winter  are  not  chemically  Identical  with  those  eliminated  during 
the  sommer.  The  nature  of  these  substances  i^parently  dependi 
iqion  flie  nature  of  the  terpene-like  bodies  contained  in  the  feed 
which  ttie  animals  obtain. 

The  substance  called  "  Urogon  '*  by  Mooser  is  a  mixture  of 
p-cresol  and  tiie  above  non-phenolk  neutral  oUs. 

The  "  Urogol "  of  Mooser  we  have  shown  to  give  the  same 
derivatives  as  p-cresol  and  hence  we  believe  Oat  "  Urogol "  and 
p-cresol  are  identical. 

Attention  is  called  to  the  difficulty  of  removing  phenols  from 
an  ethereal  solution  of  phenols  and  non-phenoUc  oib  by  ertracdon 
with  aqueous  alkalL 

n.  The  experimental  data  show  tiut  tlte  neutral  oil  obtained 
from  goat  urine,  which  was  described  under  the  name  of  "  Urogon  " 
by  Y^lke,  Is  a  mixture. 

The  oil  contains  principal^  p-cresol  mixed  with  a  small  percentage 
ctf  a  non-fdienolic  volatile  oil,  the  composition  corresponding  to  tte 
formula  CioHuO. 

Both  of  Ihese  substances  are  identical  wltii  the  oils  Isolated 
from  cow  urine. 

m.  From  horse  urine  a  neutral  alkali-Insoluble  oil  was  Isolated 
which  bad  ttie  composition  corresponding  to  the  formula  CiHuO. 

Human  urine  was  found  to  contain  an  oil  of  similar  composition 
and  properties  to  tiie  one  above. 

These  oils  possess  an  agreeable  terpene-lihe  odor,  but  owing  to 
the  veiy  small  yield  we  have  been  unable  to  identify  them* 

Btm  No.  Se,  Augurt,  IS16 
I271I 
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I.    THE  NON-PHENOLIC  VOLATILE  OILS  OF  COW  URINE. 
INTRODUCTION. 

It  has  been  known  for  a  long  time  that  the  distillates  trom  acidified 
urine  contain,  in  addition  to  volatile  acids,  phenol,  cresols,  etc., 
certain  non-phenolic  or  neutral  volatile  oils.  The  object  of  the 
present  investigation  was  to  isolate  and  identify  these  substanoea 
or  at  leaat  to  determine  more  closely  than  has  been  done  heretofore 
the  properties  and  composition  of  these  terpene-like  volatile  oils 
obtainable  from  the  urine  of  various  animals.  This  paper  deals 
with  the  substances  isolated  from  the  neutral  oil,  the  so  called 
"StSdelers  Oel "  and  the  products  described  by  some  authors  as 
"  Urogon  "  and  "  Urogol  "  obtained  from  cow  urine. 

This  neutral  oil  was  first  observed  and  described  by  StAdeler' 
as  early  as  1851  in  his  investigations  regarding  the  volatile  con- 
stituents of  cow  urine.  The  above  author  reports  that  the  yellow 
oily  liquid  finally  obtained  after  distilling  concentrated  urine  acidified 
with  hydro<;hloric  acid  was  treated  with  strong  potassium  hydroxide 
which  left  a  slight  oily  residue.  This  alkali-insoluble  oil  was  removed 
by  distilling  the  strongly  alkaUne  liquid  with  steam. 

The  oil  is  described  as  having  an  agreeable  odor  resembling  that 
of  rosemary  or  origanum.  It  contained  large  quantities  of  nitrogen 
and  it  was  soluble  with  a  red  color  in  concentrated  sulphuric  acid. 
The  aqueous  solution  or  suspension  gave  no  color  reaction  with  ferric 
chloride  and  it  was  not  precipitated  by  basic  lead  acetate.  The  same 
author  states  that  he  had  observed  ^e  occurrence  of  similar  alkali- 
insoluble  oils  in  the  distillates  from  horse  urine  and  human  urine 
but  in  the  latter  it  was  present  in  very  minute  quantities. 

Various  later  investigators  like  Hoppe-Seyler,*  Baumann,'  and 
Brieger,*  have  reported  the  occurrence  of  similar  alkali-insoluble 
oils  in  the  distillates  from  the  urine  of  various  animals.  Of  course 
we  concern  ourselves  here  only  with  the  occurrence  of  these  volatile 
oils  in  normal  urine.  The  literature  dealing  with  the  metabolism 
and  excretion  of  aromatic  and  terpene-like  sui^tances  is  so  voluminous 
that  it  merely  ceui  be  indicated  in  this  place.' 

Although  several  investigators,  as  mentioned  above,  had  observed 
neutral  alkali-insoluble  oils  in  normal  urines  these  substances  had 
never  been  examined  carefully  or  analyzed  by  anyone,  so  far  as  we 
are  aware,  until   a  few   years  ago,  when   Mooser,'  to  whose  work 

•G.StfidBler.    Ann.  Chem.,  77  A7.    1861. 

'  Hoppe-Seylei.    Hondbuch  d.  physiol.  u.  pathol.  chem.  Analrw.  1875,  p.  109. 
•  E,  Baumann.     Pfiigert  Arch.  Phytiol.  i3:285.     1876. 
•L.  Brieger.    ZUeltr.  pliyaiol  Chem.  4:Q0i.     1880. 

'See  C,  Neubeig.     Der  Ilarn,  1911,  and  Hammaniten'e  Phyriolo^cal 
[or  references  to  the  literaturB  on  the  subject. 
•W.  MocBar.    ZUchr.  Phytiol.  Chem.  63:155.     1909. 
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reference  must  be  made,  reported  a  study  of  ^e  aromatic  substances 
of  tbe  urine.  This  author  investigated  particularly  the  neutral  oil, 
the  BO  called  "Stadelers  Oel."  This  oil  was  obtained  from  cow  urine 
88  follows:  The  concentrated  urine  was  acidified  with  sulphuric 
acid  and  distilled  until  the  distillate  did  not  react  with  Millon's 
recent.  The  distillates  were  united,  mixed  with  calcium  carbonate 
and  again  subjected  to  distiUation  in  an  atmosphere  of  carbon 
dioxide.  This  second  distillate  was  made  slightly  alkaline  with 
potassium  hydroxide  and  extracted  with  petroleum  ether.  The 
neutral  oil  isolated  from  this  solution  was  washed  several  times 
with  water  and  for  further  purification  was  treated  in  20  gram 
portions  with  20  c.  c.  of  10  per  ct.  potassium  hydroxide;  again  taken 
up  in  petroleum  ether  and  finally  distilled  in  vacuum.  The  resulting 
distillate  was  a  shghtly  yellow,  strongly  refractive  oil  of  unpleasant 
odor  which  crystsJIized  in  needles  when  chilled  in  solid  carbon 
dioxide.  It  was  free  from  nitrogen  and  in  composition  it  ^reed 
with  the  formula  CyHgO- 

This  oil  which  the  above  author  named  "  Urc^on  "  is  isomeric 
with  cresol  as  it  has  the  composition  CtHsO,  but  for  some  reason 
it  is  believed  to  be  different  from  cresol  and  is  supposed  to  contain 
the  -CO-  group  although  it  did  not  give  any  of  the  reactions  char- 
acteristic of  the  carbonyl  group.  In  composition  and  properties 
it  agrees  closely  with  cresol  but  in  spite  of  these  facta  it  is  considered 
to  be  a  new  and  definite  individual  substance.  In  the  hands  of  the 
above  author  this  "  Urogon,"  on  treatment  with  potassium  hydroxide, 
yielded  two  new  compounds  called  "  Urc^ol  "  and  "  Urogen." 

When  the  crude  oil  "  Urogon  "  was  treated  with  sufficiently 
concentrated  potassium  hydroxide  practically  all  of  it  went  into 
solution  with  the  exception  of  a  small  quantity  of  oil  which  had 
a  pleasant  terpene-  or  cymol-like  odor.  From  the  alkaline  solution 
a  phenol  was  isolated  which  had  the  composition  CjHeO  Eind  which 
is  called  "  Ure^ol,"  Although  this  substance  had  all  the  properties 
of,  and  the  same  compoation  as,  cresol  it  is  nevertheless  believed 
to  be  different  and  isomeric  with  cresol.  By  the  action  of  potassium 
hydroxide  on  "  Urogon "  there  was  also  formed  a  hydrocarbon 
C^H«  called  "  Urt^en," 

This  author  apparently  permitted  the  small  quantity  of  oil  of 
pleasant  terpene-Uke  odor  which  remained  on  treating  "  Urogon  " 
with  potas^um  hydroxide  to  escape  his  attention  and  examination. 
Ttus  is  the  more  strange  since  this  particular  alluili-insoluble  portion 
of  the  distillate  is  the  oil  referred  to  by  Stadeler. 

The  work  of  Mooser  has  been  extended  and  augmented  by  Fricke  ' 
who  claims  to  have  found  the  substance  "  Urogon  "  in  the  urine  of 
most  domestic  animals  as  well  as  in  human  urine.  It  must  be  noted, 
however,  that  the  above  author  felt  satisfied  in  identifying  "  Urogon  " 

>  Ekneat  Fricke.     Pfiugen  Arch.  Physiol.  156:225.     1914. 
18 
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by  the  smell  and  a  few  chemical  reactions  such  as  the  red  color 
developed  with  concentrated  sulphuric  acid  uid  with  Millon's 
reagent  and  that  the  substance  reacted  neutral  to  litmus  and  did  not 
reduce  Fehling's  solution.  In  no  case  doee  he  report  the  purification 
and  analysis  of  any  substance. 

Neubei^  *  mentions  briefly  that  he  did  not  succeed  in  |H«pariiig 
the  substance  "  Un^on  "  in  pure  form  and  Neuberg  and  Czapski* 
throw  doubt  upon  the  existence  of  any  such  substance.  These 
authors  do  not  report  any  investigation  of  urine  for  "  Urogon  "  but 
base  their  doubt  of  its  existence  upon  the  fact  that  bom  phenol 
and  cresol  may  be  extracted  from  an  alkaline  aqueous  solution 
with  petroleum  ether.  For  this  reason  they  hold  that  the  oil  called 
"  Urogon  "  by  Mooser  and  Fricke  as  well  as  the  "  Urogol "  of 
Mooser  must  have  consisted  chiefly  of  cresol. 

As  a  result  of  our  work  we  have  found  that  the  neutral  oil  called 
"  Urogon  "  by  Mooser  is  a  mixture  consisting  principally  of  p-creflol, 
but  containing  a  small  percentage  of  a  non-phenolic  volatile  oil 
having  the  composition  CioHigO  and  consequently  isomeric  with 
camphor.  The  various  details  of  the  isolation  and  purification 
will  be  fully  described  in  the  experimental  part. 

The  phenol  called  "  Urogol  "  by  Mooser  obtained  from  the 
"  Urc%on  "  by  treatment  with  concentrated  alkali  possesses  all  the 
properties  of  p-cresol  and  yields  derivatives  identical  with  those 
of  p-cresol,  hence  we  do  not  believe  that  there  is  any  room  for  doubt 
regarding  the  identity  of  these  substances. 

The  reason  why  cresol  occurs  in  the  residual  neutral  oil  is  due  to 
the  fact,  as  pointed  out  by  Neubei^  and  Czapski,*  that  cresol  is 
only  sli^tly  soluble  in  dilute  alkali.  .  As  will  be  shown  in  the  experi- 
mental pEirt  we  have  found  it  impossible  completely  to  extract  all 
of  the  cresol  even  by  20  per  ct.  sodium  hydroxide  from  an  ethereal 
solution  of  the  mixed  oils  obtained  on  distilling  urine. 

The  non-phenolic  oil,  CiqHibO,  mentioned  above,  is  light  yellow  in 
color  and  possesses  an  agreeable  terpene-  or  essential  oil-like  odor. 
When  acted  upon  by  semicarbaride  hydrochloride  in  glacial  acetic 
acid  solution  it  yields  a  crystalline  semicarbazone  melting  at  165°. 
The  substance,  consequently,  contains  the  carbonyl  group  and  is 
either  an  aldehyde  or  a  ketone.  This  was  rather  unexpected  since 
similar  compounds  containing  only  the  carbonyl  group  when  intro- 
duced into  the  animal  organism  become  hydroxylated  and  are 
then  eliminated  as  conjugated  glucuronic  acids.*  One  would 
expect,  therefore,  that  a  substance  such  as  the  one  under  consider- 

■  C.  Neuberg.    Der  Han,  1:  (1911)  p.  618. 

'  C.  Neuberg  u.  L.  CiapeU.    Bioehem.  Zbda:  67:2&.    1014. 

•  C.  Neuberg  u.  L.  Cx^iald.    L  c. 

*  Compare  the  wm-ka  of  O,  Schmiedeberg  u.  H.  Meyc.  Zttdr.  p\yncL  Ch«m. 
3:422.  1870;  K  Suudvik.  Akademiak  Afbasdling,  Helaiiigfon,  1886;  £.  ¥ttaiua 
u.  H.  Hikfebrandt,  ZftcAr.  phgticl.  Ch«m.  33:670.     1901. 
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stion,  whioh  muert'  have  been  excreted  in  conjugated  form,  would 
have  contained  the  hydroxy]  group. 

In  this  connection  the  experiments  described  by  Fromm,  Hilde- 
lu-andt  and  Clemens,'  "  tber  daa  Verhalten  dea  Camphens  im 
Thierkflrper,"  are  interestii^.  These  authors  after  feeding  cam- 
I^iene  to  rabbits  isolated  a  conjugated  glucuronic  acid  from  the 
urine  which  on  distilling  with  sulphuric  acid  gave  a  volatile  oil  of  the 
compo^tion  CmHuO.  After  purifying  over  t£e  bisulphite  compound 
this  substance  crystallized  and  was  found  to  be  identical  with 
campheoilan  aldehyde.  They  believed,  therefore,  that  camphene 
must  be  oxidized  in  the  body  to  a  di-hydroxyl  compound  which  is 
eliminated  as  a  conjugated  glucuronic  acid.  On  cleavage  the 
di-hydroxyl  compound  easily  splits  off  water  giving  the  aldehyde. 

It  is  probable  that  the  oil  CioHigO  which  we  have  isolated  from 
cow  urine  had  been  eliminated  in  the  same  way  and  that  the  hydroxyl 
groups  had  been  split  off  during  the  distillation  with  the  sulphuric 
acid.  The  above  oil  is  present  in  urine  in  very  small  quantity  and 
the  amount  at  our  disposal  did  not  permit  of  a  complete  investigation 
and  we  have  not  been  able  to  identify  the  substance. 

It  would  seem,  however,  that  the  above  oil  is  not  a  constant 
metabolic  product  since  the  oil  isolated  from  the  urine  durii^  the 
winter,  although  it  bad  the  same  composition,  did  not  give  a  crystal- 
line semicarbazone.  Evidently,  therefore,  the  nature  of  the  non- 
phenolic  oils  excreted  in  the  urine  depends  upon  the  nature  of  the 
terpene-like  substances  contained  in  the  feed. 

EXPERIMENTAL  PART. 

Mixed  urine  from  a  herd  of  cows  was  collected  during  the  summer 
while  the  animals  were  part  of  the  time  in  pasture.  The  fresh 
urine  was  concentrated  to  about  one-eighth  of  its  volume  and  then 
strongly  acidified  with  sulphuric  acid  and  distilled  with  steam 
until  no  more  oil  went  over.  The  distillate  was  made  strongly 
alkaline  with  sodium  hydroxide  and  extracted  with  several  portions 
of  ether.  The  ethereal  solution  was  further  shaken  for  some  time 
with  dilute  sodium  hydroxide  and  after  that  with  dilute  sulphuric 
acid  and  finally  washed  with  water.  After  drying  with  sodium 
sulphate  the  ether  was  evaporated  and  the  residue  distilled  in 
vacuum.     From  127  liters  of  urine  38.75  grains  of  oil  were  obtained. 

The  light  yellow  oil  was  of  neutral  reaction  on  Utmua  paper  and 
it  possessed  an  extremely  unpleasant  penetrating  odor  which 
resembled  the  peculiar  smell  of  a  cow  stable.  It  contained  neither 
nitri^eD  nor  sulphur.  With  concentrated  nitric  acid  it  reacted  with 
peat  violence.  When  shaken  with  concentrated  sodium  or  potassium 
hydroxide  the  di^usting  odor  disappeared  and  an  agreeable  terpene- 
like  odor  resulted.  Bromine  was  readily  absorbed  with  liberation 
>EL  Fromm,  H.  HOdebniidt,  u.  P.  CI«DttiB.    Zfdtr.  j^yM.  Chem.  37:189. 
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of  hydrobromic  acid.  It  was  soluble  in  all  proportions  in  all  the 
organic  solvents  and  in  concentrated  sulphuric  acid  it  dissolved 
with  a  red  color.  It  was  insoluble  in  concentrated  hydrochloric 
acid  or  in  ammonia.  It  did  not  reduce  Fehling's  solution  but  an 
ammoniacal  solution  of  silver  nitrate  was  reduced  on  heatii^. 

On  analysis  the  followmg  result  was  obtained: 

0.1988  gm.aubst.  gave  0.1365  gm.  HiO  and  0.5630  gm.  CO,. 

Found;  C  =  77.24;  H  =  7.68  per  ct. 

Molecular  weight  determinations  were  made  by  tfae  freezing  point 
method  using  benzene  as  solvent  and  the  following  figures  obtained: 
1.  2. 

Weight  of  substance  =     0 .  2042  gm.  0 .  2364  gm. 

Weight  of  benzene     =    16.3229  gm.  15.1615  gm. 

Depression  =     0.524"  0.661° 

Mol.  wt.  =117.  115. 

The  properties,  reactions,  composition  and  molecular  weight 
correspond  with  those  described  by  Mooser  (1.  c.)  for  the  neutral  oil 
from  cow  urine  to  which  he  gave  the  name  "  Urogon." 

This  oil,  however,  was  not  a  homogeneous  substance  but  cou]d 
be  separated  into  two  fractions.  After  fractionating  in  high  vacuum 
three  times  the  first  portion  of  the  final  distillate  which  embraced 
about  75  per  ct.  of  the  total  oil  went  over  between  68-69°  at  0.5 
mm.  pressure. 

The  residues  from  these  distillations  were  reserved  for  further 
examination. 

The  product  obtained,  as  above,  was  a  practically  colorless  oil 
slightly  heavier  than  water  and  it  had  a  distinctly  phenolic  but  not 
unpleasant  odor.  Its  aqueous  solution  gave  a  fine  blue  coloration 
with  ferric  chloride.  With  concentrated  nitric  acid  it  reacted  with 
great  violence  and  it  dissolved  in  concentrated  sulphuric  acid  with 
a  red  color.  It  was  completely  soluble  in  concentrated  sodium  or 
potassium  hydroxide.  Wten  cooled  in  a  freezing  mixture  of  ice  and 
salt  it  crystallized  to  a  white  solid  mass. 

It  gave  the  following  result  on  analysis : 

0.1852  gm.  subst.  gave  0.  1263  gm.  HjO  and  0.5244  gm.  CO*. 

Found:  C  =  77.22;  H  =  7.63  per  ct. 

The  substance  crystallized,  as  already  mentioned,  when  it  was  cooled 
in  a  freezing  mixture.  When  some  of  these  crystals  were  intro- 
duced into  the  oU  previously  cooled  to  13°  practically  the  whole 
sut^tance  changed  slowly  into  massive  prisms.  For  the  removal 
of  traces  of  adhering  oil  the  crystals  were  pressed  between  filter 
paper.  There  remained  a  snow  white  mass  of  crystals  which  melted 
at  21°,  and  it  boiled  at  atmospheric  pressure  at  198.5°  (uncorrected.) 
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This  crystalline  substaoce  was  analyzed. 

0.1457  gm.  Bubst.  gave  0.  0967  gm.  HtO  and  0.4140  gm.  CO*. 

Found:  C  — 77.49;  H  =  7.42  per  ct. 

For  cresol,  C,HbO  =  108.  Calculated:  C  =  77.77;  H  =  7.40 
perct. 

It  will  be  noticed  from  the  above  analyses  that  both  the  oil  and 
the  cryBtalline  substance  have  the  same  composition.  The  sub- 
stance is  identical  with  the  "  Urogol "  of  Mooser  but  it  is  evident 
from  the  above  analyses  that  it  is  also  either  identical  or  isomeric 
with  cresol.  Drapite  the  low  melting  point  we  beheve  that  it  is 
nearly  pure  p-cresol  for  the  reasons  to  be  shown  below. 

Its  solubility  in  concentrated  alkali  and  its  blue  coloration  with 
ferric  chloride  indicated  its  phenolic  nature  and  it  gave  no  reactions 
characteristic  of  aldehyde  or  ketone  Rroups,  i.  e.  it  gave  no  crystalline 
derivatives  with  phenylhydrazine,  sodium  bisulphite,  hydroxylamine 
or  semicarbazide  hydrochlorides. 

It  gave,  however,  two  bromine  substitution  products  corresponding 
to  mono  and  di-brom  cresol.  The  di-brom  compound  had  the 
same  melting  point  as  given  for  di-brom  p-cresol. 

BBOMINATION  OF  THE  SUBSTANCE. 

PrepaTotion  of  the  motu^om  derivative. — The  oil,  2.7  grams  (1  mol) , 
was  dissolved  in  50  c.c.  of  chloroform  and  to  it  was  added  4  grams 
{1  mol)  of  bromine  dissolved  in  25  c.c.  of  chloroform.  The  bromine 
color  disappeared  immediately  and  much  hydrobromic  acid  was 
given  off.  The  chloroform  solution  was  washed  several  times  with 
water  to  remove  the  hydrobromic  acid  and  then  dried  with  sodium 
sulphate  Mid  the  chloroform  distilled  off.  An  oily  residue  remwned 
of  intensely  penetrating  odor.  It  did  not  solidify  in  a  freezmg  mix- 
ture. In  vacuum  at  3  mm.  pressure  it  boiled  at  SC-Sl".  It  was 
obtained  as  a  colorless,  highly  refractive,  heavy  oil  which  rapidly 
darkened  when  expos^  to  the  light.  The  yield  was  3.4  grams 
which  corresponds  to  74  per  ct.  of  a  monobrom  derivative. 

The  substance  was  analyzed  at  once. 

1.  0.15S6  gm.  subst.  gave  0.0530  gm.  HiO  and  0.2609  gm.  COf 

2.  0.1615  «m.  subst.  gave  0.0591  gm.  HjO  and  0.2688  gm.  CO*. 
0.1825  gm.  Bubst.  gave  0.1817  gm.  A^Br. 

Found:  1.  C  =  44.86;H  =  3.73;Br  =  42.37 perct. 
2.  C  =  45.39;  H  =    4.09  per  ct. 

For  mono-brom  cresol,  CHjBr  0  =  186.9. 

Calculated:  C  =44.94;  H  =  3.74;  Br  =  42.75  per  ct. 

Preparation  of  the  di-brom  derivative. — This  was  easily  formed 
by  the  action  of  four  grams  (2  mol)  of  bromine  upon  1.35  grams 
(1  mol)  of  the  oil  in  chloroform  solution.  The  bromine  color  dis- 
appeared immediately  until  about  one-half  of  the  bromine  had  been 
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added  but  after  thftt  more  slowly.  After  standing  for  three  boure 
at  room  temperature  the  bromine  color  had  disappeared.  The  hydro- 
bromic  acid  was  then  washed  out  with  water  and  the  chloroform 
solution  dried  with  sodium  sulphate.  After  evaporating  the  chloro- 
form in  vacuum  there  remained  a  light  yellow  colored  oil  which 
immediately  crystallized  when  placed  in  a  freezing  mixture. 

The  crystals  were  extremely  soluble  in  all  of  the  ordinary  organic 
solvents  but  insoluble  in  water  and  it  was  found  impossible  to  recrys- 
tallize  the  substance  from  any  of  the  above  solvents.  On  the  spon- 
taneous evaporation  of  the  solvents,  however,  the  substance  separated 
in  crystalline  form,  some  of  the  crystals  being  delicate  colorless 
needles  or  prisms  over  an  inch  long. 

The  sul^tance  was  iinally  recrystallized  as  follows:  It  was  dis- 
solved in  chloroform  and  placed  in  an  open  crystallizing  dish  and 
the  chloroform  evaporated  in  a  vacuum  desiccator.  The  crystalline 
substance  which  remained  was  separated  mechanically  from  the 
dark  colored  portion  and  recrystallized  in  the  same  manner.  From 
this  second  recrystallizatioQ  there  were  obtained  1.7  grams  of  prac- 
tically colorless  crystals. 

When  slowly  heated  the  substance  melted  between  48''-49''  (un- 
corrected). According  to  Beilstein  the  crystalline  di-brom  p-cresol 
melts  at  48''-49''. 

A  larger  quantity  of  the  substance  was  prepared  and  recryetalhzed 
from  ligroin.    This  also  melted  between  48°  and  49°. 

The  following  result  was  obtained  on  analy^: 

0.2070  gm.  subst.  gave  0.0433  gm.  H,0  and  0.2382  gm.  COt. 

0.1702  gm.  subet.  gave  0.2425  gm.  AgBr. 

Found:  C  =  31.38;  H  =  2.34;  Br  =  60.63  per ct. 

For  dibrom  cresol  CTHgBriO  =  265.8. 

Calculated:  C  =  31.60;  H  =■  2.25;  Br  =  60.12  per  ct. 

Judging  by  melting  point  and  composition  the  above  crystEilline 
substance  is  pure  di-brom  p-cresol. 

In  order  to  determine  if  the  substance  would  take  up  more  than 
two  atoms  of  bromine  the  following  experiment  was  carried  out: 
To  1.35  grams  (1  mol)  of  the  oil  in  §0  c.c.  of  chloroform  was  added 
6  grams  (3  mol)  of  bromine  in  25  c.c.  of  chloroform.  This  was  allowed 
to  stand  for  three  hours  at  room  temperature.  The  color  at  the  end 
of  this  time  was  deep  brown  showing  the  presence  of  bromine.  The 
chloroform  was  washed  with  water  to  take  up  the  hydrobromic  acid 
and  the  excess  of  bromine  was  removed  by  shaking  with  a  solution 
of  sodium  bisulphite.  The  chloroform  solution  was  again  washed 
with  water  and  finally  dried  with  sodium  sulphate.  After  evaporating 
the  chloroform  the  oily  residue  crystallized  on  cooling  tn  ice  water. 
After  dissolving  in  chloroform  and  transferring  to  a  tared  crystal- 
lizing dish  the  chloroform  was  evaporated  at  room  temperature 
in  a  vsouom  desiccator.    After  dryii^  in  vacuum  over  eulphurio  acid 
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the  crTstals  weighed  3.4  grams  which  is  equal  to  about  100  per  ct. 
jrield  of  the  di-brom  p-creaol.  This  behavior  of  taking  up  only  2 
atoms  of  bromine  under  ordinary  conditions  ia  characteristic  of  o- 
and  p-eresol  while  the  meta-^resol  under  like  conditions  takes  up 
3  atoms  of  bromine.^ 

It  would  seem  from  the  properties  and  composition  of  the  above  oil 
and  particularly  those  of  the  bromine  derivatives  just  described 
that  the  substance  in  question  is  cresol  and  apparently  nearly  pure 
p-creeol.  The  substance  is  also  by  its  method  of  preparation  and 
its  properties  identical  with  the  product  named  "Urogol"  by 
Mooser.  Evidently,  therefore,  this  designation  is  superfluous  since 
the  substance  poeaeases  all  the  properties  and  reactions  of  p-cresol. 


The  residues  were  united  and  repeatedly  fractionated  in  vacuum 
when  there  was  finally  obtfuned  a  small  amount  of  a  light  yellow 
oil  of  agreeable  terpene-like  odor.  It  did  not  react  with  cold  con- 
centrated nitric  acid  but  the  oil  turned  reddish,  then  violet  and 
finally  deep  purple  in  color.  On  heating  with  concentrated  nitric 
acid  it  dissolved  without  any  visible  reaction  and  on  diluting  with 
water  a  cloudy  solution  resulted.  In  concentrated  sulphuric  acid  it 
dissolves  with  a  red  color.  It  is  insoluble  in  concentrated  sodium  or 
potassium  hydroxide  even  on  boilii^  but  the  oil  turns  dark  in  color. 
After  shaking  with  water  the  aqueous  solution  gives  no  reaction 
with  ferric  chloride.  It  is  very  soluble  in  all  of  the  ordinary  organic 
solvents  but  insoluble  in  water.  The  aqueous  suspension  of  the  oil 
reduces  ammoniacal  silver  nitrate  on  heating.  Potassium  perman- 
ganate solution  is  decolorized  when  added  to  the  oil  suspended  in 
water.  In  chloroform  solution  bromine  is  absorbed  at  once  with 
liberation  of  hydrobromic  acid. 

The  oil  went  over  at  102°  at  about  1  mm.  pressure. 

On  analysis  the  following  result  was  obtained: 

0.153S  gm.  subst.  gave  0.1490  gm.  HiO  and  0.4413  gm.  CX)j. 

Found:  C  =  78.25;  H  =  10.84  per  ct. 

The  1^  was  dissolved  in  a  little  ether  and  thoroughly  shaken 
with  20  per  ct.  sodium  hydroxide  for  some  time.  After  washing 
with  water  the  ethereal  solution  was  dried  with  sodium  sulphate, 
Uie  ether  evaporated  and  the  oily  residue  distilled  in  vacuum.  At 
1  mm.  pressure  the  oil  went  over  at  the  same  temperature  aa  before, 
viz.  at  102°.  It  weighed  2.5  grams.  It  had  the  same  appearance, 
odor  and  properties  as  before  treatment  with  sodium  hydroxide. 

^liejet  u.  Juobaon.    Lehrbuch  der  Orgui.  Chem.  II  Band,  I  Thei],  p.  379. 
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On  analyaia  it  gave  the  following  results: 

0.1608  gm.  Bubst.  gave  0.1599  gm.  H/)  ancT  0.4652  gm.  CO,. 

Found;  C  =  78.90;  H  =  11.12  per  ct. 

The  composition  agrees  fairly  well  with  the  formula  CidHi«0. 

For  Ci<fl„0=152,  Calculated:  C  =  78.94;  H  =  10.52  per  ct. 

ATTEMPTS    TO    PREPARE     CBYBTALLINE    DERIVATrVES    FHOU    THE    OIL 
CioHieO. 

The  substance  did  not  react  with  phenylisocyanate  and  conse- 
quently it  cannot  contain  an  — OH  group.  It  gave  no  crystalline 
derivatives  with  phenylhydrazine  hydrochloride  and  it  did  not 
react  with  sodium  bisulphite. 

A  crystalline  semicarbazone,  however,  was  obtained  as  follows: 
0.76  gm.  of  the  oil  was  dissolved  in  10  c.c.  of  glacial  acetic  acid  and 
to  it  was  added  0.6  gram  of  semicarbazide  hydrochloride  and  0.8 
gram  of  sodium  acetate  dissolved  in  2  c.c.  of  water.  The  solution 
was  allowed  to  stand  for  two  daj^  at  room  temperature.  It  was  then 
diluted  with  water  and  the  oil  which  separated  was  extracted  with 
ether.  The  ethereal  solution  was  shaken  with  dilute  sodium  hydroxide 
to  remove  acetic  acid  and  then  dried  over  sodium  sulphate.  After 
evaporating  the  ether,  the  oily  residue  was  transferred  to  a  crystal- 
lizing dish  with  ether  and  the  latter  evaporated  in  a  vacuum  desic- 
cator. The  oil  which  remained  crystallized  nearly  completely  on 
standing.  The  crystals  were  freed  from  adhering  oil  as  much  as 
possible  by  pressing  between  filter  paper  and  then  recrystallized 
from  benzene  from  which  it  separated  in  plates.  It  was  again  recrys- 
tallized  by  dissolving  in  a  little  methyl  alcohol  and  adding  hot 
water  until  the  solution  turned  cloudy.  On  cooling,  the  substance 
separated  in  colorless  plates.  After  standing  in  t£e  ice  box  over 
night  the  crystals  were  filtered  off,  washed  in  50  per  ct,  methyl 
alcohol  and  water  and  then  dried  at  100°.  The  product  was  snow 
white  and  was  practically  odorless  and  it  weighed  about  0.1  gram. 
When  slowly  heated  it  melted  at  165"  (uncorrected).  It  was  an^yzed 
after  drying  at  105°  in  vacuum  over  phosphorus  pentoxide  when  it 
did  not  lose  in  weight. 

0.0798  gm.  subst.  gave  0.0692  gm,  HjO  and  0.1838  gm.  CO.. 

For  CoH.e:  N"  NHCQ-NH, ^ 209. 

Calculated:  C  =  63.15;  H  ^  9.09;  N  =  20.09  per  ct. 

Found:  C  =  62.82;  H  ^  9,70  per  ct. 

Unfortunately  we  were  unable  to  make  any  further  testa  to  deter> 
mine  the  nature  or  constitution  of  this  neutral  oil  on  account  of 
lack  of  material  —  most  of  the  substance  having  been  used  up  in 
making  preliminary  experiments.  There  appears,  however,  to  be 
no  doubt  that  the  neutral  non-phenolic  oil  obtained  from  cow  urine 
during  the  summer  is  isomeric  with  camphor  having  the  composition 
CioH«0. 
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fobther  preparation  of  the  non-phenolic  tolatilb  oil  from 
cow  drine. 

About  430  liters  of  mixed  urine  from  a  herd  of  cows  were  collected 
during  the  winter,  from  February  29th  to  March  25th,  The  fresh 
urine  was  evaporated  and  distilled  as  before.  The  distillates  were 
extracted  with  ether.  The  ethereal  solutions  were  vigorously  shaken 
with  three  separate  portions  of  20  per  ct.  sodium  hydroxide  and 
then  with  dilute  sulphuric  acid  and  finally  washed  with  water. 
After  drying  with  sodium  sulphate  the  ether  was  evaporated  and 
the  oily  residue  distilled  in  vacuum.  There  were  obtained  8.2  grams 
of  a  light  yellow  oil  of  a  penetrating,  not  unpleasant,  odor.  The 
aqueous  solution  gave  no  reaction  with  ferric  chloride,  but  it  reacted 
slightly  with  concentrated  nitric  acid  which  indicated  the  presence 
of  phenols.  For  further  purification  the  oil  was  transferred  to  a 
distilling  flask  with  a  little  ether  and  vigorously  shaken  with  20 
per  ct.  sodium  hydroxide  and  finally  distilled  with  steam. 

The  light  yellow  oil  which  went  over  was  extracted  with  ether, 
dried  with  sodium  sulphate  and  after  filtering  and  evaporatii^  the 
ether  the  residue  was  fractionated. 

The  alkaline  liquid  above,  remalDing  after  distilling  with  steam, 
was  extracted  with  ether  and  then  acidified  with  sulphuric  acid.  The 
oily  substance  which  separated  was  taken  up  with  ether,  the  latter 
dried  and  evaporated  and  the  residue  distilled.  The  oil  went  over 
at  about  76°  and  2  mm.  pressure.  It  weighed  2.7  grams.  It  was 
a  practically  colorless  oil  of  distinct  phenolic  odor.  With  concen- 
trated nitric  acid  it  reacted  with  great  violence.  It  was  completely 
soluble  in  concentrated  alkali.  The  aqueous  suspension  gave  a  fine 
blue  coloration  with  ferric  chloride.  When  cooled  in  a  freezing 
mixture  of  ice  and  salt  the  oil  crystallized  to  a  white  mass.  AU 
of  these  reactions  indicate  that  the  substance  was  cresol.  It  is 
evident  from  this  how  difficult  it  is  to  extract  all  of  the  phenols 
or  cresols  from  an  ethereal  solution  even  with  20  per  ct.  sodium 
I^droxide. 

The  volatile  oil  mentioned  above  after  distillii^  over  sodium 
hydroxide  was  further  fractionated  which  yielded  two  principal 
muAiooB.  Fraction  1  showed  the  same  boiling  point  as  the  cresol 
and  weighed  1  gram.  It  was  a  light  yellow  oil  of  pleasant  ethereal 
and  non-phenolic  odor.  It  gave  no  reaction  with  ferric  chloride 
and  did  not  react  with  concentrated  nitric  acid.  It  was  insoluble 
in  concentrated  alkali.  Neither  nitrogen  nor  sulphur  could  be 
detected. 

It  gave  the  following  results  on  analysis: 

0.1285  gm.  subst.  gave  0.1219  gm,  H,0  and  0.3523  gm.  CO,. 

Found:  C  =  74.77;  H  =  10.61  per  ct. 

This  agrees  nearly  with  tetra-hydrocresol  CjHuO  ^  112, 

Calculated:  C  =  75.00;  H  =  10.71  per  ct. 
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An  attempt  was  made  to  prepare  a  derivative  with  phenylisocy- 
uiate  as  follows:  0.56  gram  of  the  oil  was  mixed  with  0.60  gram 
of  phenylisocyaDate  in  a  dry  test  tube  which  was  immediately  sealed. 
It  was  gently  warmed  for  a  short  time  and  allowed  to  stand  at  room 
temperature  over  night.  A  considerable  amount  of  colorless  crystals 
had  then  separated.  In  the  hope  of  completing  the  crystallization 
the  tutie  was  heated  on  the  water  bath  for  several  hours.  All  the 
crystals  had  then  dissolved  and  it  was  found  impossible  to  induce 
tbie  formation  of  any  further  crystallisation  in  the  solution,  even 
on  standing  for  several  weeks  not  a  single  ciystal  formed.  The 
small  available  quantity  of  the  oil  prevented  any  further  examination. 

Fraction  2  of  the  above  neutral  oil  went  over  at  about  100°  at 
0.25  mm.  pressure.  This  portion  weighed  2.5  grams  and  so  far  as 
color,  odor  and  reactions  were  concerned  it  seemed  to  be  identical 
with  the  non-phenolic  oil  CioHigO,  previously  described  in  this 
paper.  It  also  had  the  same  composition  and  it  was  free  from 
nitojgen  and  sulphur. 

0.1592  gm.  sul»t.  gave  0.1489  gm.  HjO  and  0.4571  gm.  C0|. 

Found:  C  =  78.30;  H  =  10.46  per  ct. 

For  CioH„0=152,  Calculated:  C  =  78.94;  H  =  10.52  per  ct. 

Although  this  oil  had  the  same  percentage  compodtion  as  the 
product  isolated  from  cow  urine  during  the  summer,  it  was  different 
in  that  it  did  not  give  a  crystalline  semicarbazone.  After  acting 
upon  ihe  substance  with  semicarbazide  hydrochloride  in  the  same 
way  as  before  an  oil  was  obtained  which  did  not  crystallize  and 
on  distillation  in  high  vacuum  nearly  one-half  of  the  original  oil 
was  recovered  unchEuiged  as  it  boiled  at  the  same  temperature  and 
it  had  the  same  composition. 

Found:  C  =  79.15;  H  =  10.49  per  ct. 

A  considerable  residue  remained  in  the  distillation  &BBk.  It  was 
a  sticky,  non-crystallizable  syrup  which  contained  a  large  quantity 
of  nitrogen.  It  was  probably  a  condensation  product  wi^  semi- 
carbazide but  it  did  not  crystallize  itself  nor  could  it  be  brought 
to  crystallization  in  any  of  the  usual  solvents. 

It  would  seem,  then,  that  a  portion  of  the  non-phenohc  oil  excreted 
during  the  winter,  although  it  has  the  same  percentage  composition, 
differs  in  constitution  from  the  oil  excreted  during  the  summer. 
In  addition,  the  winter  urine  contained  an  oil  having  a  lower  boiling 
point  and  a  lower  carbon  content  than  that  obtained  in  the  sunomer. 

We  believe  for  this  reason  that  the  nature  of  the  terpene-like 
substances  contained  in  the  feed  condition  the  nature  and  compo- 
sition of  the  volatile  oils  excreted  in  the  urine.  If  this  view  is  correct 
it  is  not  surprising  that  the  non-phenolic  volatile  oils  excreted  in 
the  urine  during  the  winter  differ  from  those  which  are  excreted 
-  when  a  part  of  the  ration  consists  of  green  grass. 
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It  also  follows  that  the  non-phenolic  oils  of  the  urine  are  not  con- 
stant metabolic  products  but  that  their  nature  to  a  large  extent 
will  depend  upon  the  nature  of  the  mother  subetanoes  contained 
in  the  feed  and  are  cooaequently  of  minor  importance  in  the  animal 
metabolism. 

n.    THE  NON-PHENOLIC  VOLATILE  OILS  OF 
GOAT  URINE. 
INTRODUCTION. 

It  has  been  shown  in  a  previous  report  from  thia  laboratory' 
that  the  neutral  oil,  the  so  called  "  Urt^on  "  of  Mooser*  isolated 
from  the  distillates  of  acidified  cow  urine  consists  principally  of 
p-«resol  mixed  with  a  very  small  percentage  of  a  non-phenolic  volatile 
oil  having  the  composition  represented  by  the  formula  CioHi«0, 
thus  confirming  the  opinion  expressed  by  Neuberg  and  Czap^i* 
that  "  Urt^on  "  was  not  a  homc^neous  substance  but  a  mixture 
consisting  lai^ly  of  p-cresol.  Since  it  has  been  claimed  by  Fricke* 
that  the  distiBates  from  goat  urme  yield  a  neutral  oil  identical  with 
"  Urogon,"  we  have  also  prepared  and  examined  the  neutral  oil 
obtuned  from  this  source. 

The  goat  urine  was  concentrated  and  distilled  in  the  same  way 
as  the  cow  urine  and  the  oil  was  isolated  in  the  same  manner.  By 
treatment  with  20  per  ct.  sodium  hydroxide  this  neutral  oil  or 
"  Un^n  "  was  separated  into  two  portions  —  the  alkali  soluble 
and  the  alkali  insoluble. 

The  alkali  soluble  portion  was  found  to  be  identical  in  every 
respect  with  p-cresol.  It  combined  with  phenylisocyanate  giving 
a  crystalline  compound  which  had  the  composition  and  melting 
point  required  for  p-cresol  urethane  and  by  the  action  of  nitric 
acid  the  3.5  dinitro  p-cresol  was  also  formed.  These  derivatives  in 
addition  to  the  reactions  and  properties  of  the  substance  itself 
leaves  no  doubt  that  it  was  p-cresol. 

The  alkali-insoluble  portion  of  the  crude  neutral  oil  was  found 
to  be  identical  in  every  fiarticular  with  the  non-phenolic  oil  isolated 
from  cow  urine.  It  had  the  same  appearance  and  odor  and  in  com- 
position it  agreed  with  the  formula  CioHiiO.  This  oil  gave  a  crystal- 
line semicarbazone  when  acted  upon  with  semtcarbazide  hydrochloride 
in  glacial  acetic  acid  solution  which  in  crystal  form  and  solubUitiea 
was  identical  with  the  semicarbazone  obtained  from  the  oil  from 
cow  urine  and  like  the  latter  it  melted  at  165°. 

It  is  evident,  therefore,  that  the  neutral  oils  or  "  Ur(^n  "  isolated 
from  cow  and  goat  urine  are  identical  and  that  they  consist  of  a 

<  R.  J.  AndenoQ.     See  preceding  article. 

■W.  MoosN.    Zltekr.  pkysiol.  Cham.  63:155.     1900. 

■C.  Neabfa^  u.  L.  Ciapald.     Bioclum.  Zttchr.  67:28.     1914. 

'  Eni««t  Friolte.     Pfiugm  Areh.  PKj/tioi.  156: 226.     19U. 
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mixture  containing  principally  p-cresol  with  a  emaU  percentage  of 
a  non-phenolic  volatile  oil  having  the  composition  expressed  by 
the  formula  CioHigO. 

EXPERIMENTAL  PART. 

The  urine  was  collected  during  the  summer  when  the  animala 
were  fed  on  green  alfalfa,  hay,  oats  and  corn  meal.  Aft«r  evaporating 
the  fresh  urine  to  about  one-eighth  of  ita  volume  it  was  strongly 
acidified  with  sulphuric  acid  and  distilled,  pariily  direct  and  partly 
with  steam  until  no  further  oil  appeared  in  the  distillate.  The 
distillates  were  transferred  to  a  large  separating  funnel  and  rendered 
strongly  alkaline  with  sodium  hydroxide  and  then  extracted  several 
times  with  ether.  The  ethereal  solutions  were  again  shaken  with 
sodium  hydroxide  and  then  with  dilute  sulphuric  acid  and  finally 
washed  several  times  with  water.  After  drying  with  sodium  sulphate 
and  filtering,  the  ether  was  evaporated.  The  oily  residue  was  of 
dark  yellow  color  and  it  possessed  a  very  penetrating,  persistent 
and  disgusting  odor  which  resembled  the  natural  odor  peculiar  to 
goats.  In  all,  45  liters  of  goat  urine  were  distilled  which  yielded 
22.3  grams  of  oU  after  distilling  in  vacuum  at  1  mm.  pressure. 

The  distillate  was  a  light  yellow  oil  of  the  same  di^usting  odor 
as  the  raw  product.  It  was  neutral  to  litmus  and  contained  neither 
nitrogen  nor  sulphur.  With  concentrated  nitric  acid  it  reacted  with 
great  violence.  Suspended  in  water  it  was  immediately  oxidized 
by  potassium  permanganate.  It  did  not  reduce  Fehling's  solution 
but  an  alkaline  solution  of  silver  nitrate  was  reduced  on  heating. 
In  chloroform  solution  the  substance  takes  up  bromine  with  libera- 
tion of  hydrobromic  acid.  The  oil  is  easily  soluble  in  all  propor- 
tions in  the  ordinary  organic  solvents  but  insoluble  in  water  or 
dilute  alkali.  When  treated  with  concentrated  alkali  the  disgusting 
odor  disappeared  and  a  pleasant  terpene-like  odor  resulted. 

On  analysis  the  following  result  was  obtained; 

0.1537  gm.  subst.  gave  0.1078  gm.  H,0  and  0.4350  gm.  C0». 

Found:  C  =  77.19;  H  =  7.84  per  ct. 

These  figures  agree  with  those  found  for  the  neutral  oil  from  cow 
urine.i  The  composition  is  also  identical  with  that  of  the  substajice 
called  "  Urogon  "  by  Mooser.* 

Since  the  oil  had  been  extracted  from  a  strongly  alkaline  liQUid 
and  as  the  ethereal  solution  had  been  further  treated  with  sodium 
hydroxide  it  was  thought  that  phenols  had  been  completely  removed. 
However,  this  was  by  no  means  the  case  as  will  be  shown  below. 

The  oil  was  further  carefully  fractionated  in  high  vacuum  at 
about  1  mm.  pressure  when  the  ,temperature  rose  slowly  but 
continuously  which  indicated  that  the  substance  was  not  homo- 

'  See  preceding  wtiolo. 
'W.MooBer.    l.c. 
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genODus.  After  the  greater  portion  had  been  distilled,  the  residue, 
a  light  yellow  oil,  was  taken  up  in  a  little  ether  and  shaken  for  a  long 
time  with  20  per  et.  sodium  hydroxide.  The  ethereal  solution  was 
washed  with  water,  dried  with  sodium  sulphate,  filtered  and  the  ether 
evaporated. 

The  oily  residue  was  distilled  and  at  1  mm.  pressure  it  went  over 
between  101-102°.  The  distUlate,  which  weighed  1.5  grams,  was 
a  light  yellow  colored  oil  of  agreeable  terpene-hke  odor  and  it  appeared 
identical  with  the  oil  obtained  from  cow  urine.  It  dissolved  in 
concentrated  sulphuric  acid  with  a  red  color.  It  gave  no  reaction 
with  concentrated  nitric  acid  —  on  warming  the  acid  the  oil  dissolved 
without  any  visible  reaction  and  on  diluting  with  water  a  cloudy 
solution  resulted.  It  was  insoluble  in  20  per  ct.  sodium  hydroxide 
or  in  40  per  ct.  potassium  hydroxide  and  on  heating  these  solutions 
to  boiling  the  oil  turned  brown  in  color.  It  did  not  crystallize  or 
solidify  on  cooling  in  a  freezing  mixture  to  — 20°.  The  aqueous 
suspension  gave  no  color  reaction  with  ferric  chloride.  Alkaline 
silver  nitrate  was  reduced  on  heating  and  potassium  permanganate 
was  decolorized  at  room  temperature. 

The  first,  and  principal,  portion  of  the  distillate  mentioned  above 
was  treated  with  sodium  hydroxide,  20  per  ct.,  in  the  same  manner 
and  it  yielded  0.9  gram  of  the  non-phenolic  oil  boilii^  at  101-102* 
at  1  mm.  pressure. 

The  alkaline  solutions  were  reserved  for  further  examination. 

The  non-phenolic  oils  were  analyzed  and  the  following  results 
obt^ned : 

FIRST  PREPARATION. 

0.1716  gm.  subst.  gave  0.1713  gm.  HjO  and  0.4923  gm.  COi. 
Found:    C  =  78.24;H  =  11.17perct. 

SECOND  PREPARATION. 

0 .  1008  gm.  subst.  gave  0 .  1019  gm.  HjO  and  0 .  2908  gm.  C0^ 

Found:    C  =  78.68;  H  =  11.31  per  ct. 

For  Ci»H„0  =  152.     Calculated;    C  =  78.94;  H  =  10.62  per  ct. 

PREPARATION   OF   THE  SEMI  CARS  AZONE. 

The  oil,  1.1  grams,  was  dissolved  in  13  c.c.  of  glacial  acetic  acid 
and  to  it  was  added  a  solution  of  0.9  gram  semlcarbazide  hydro- 
chloride and  1.3  grams  of  sodium  acetate  in  2.5  c.c.  of  water.  After 
standing  for  three  or  four  days  at  room  temperature,  the  perfectly 
clear  solution  was  diluted  with  water  and  the  oily  substance  which 
s^tarated  was  extracted  with  ether.  The  ethereal  solution  was 
washed  with  dilute  sodium  hydroxide  to  remove  acetic  acid  and  then 
washed  with  water,  and  dried  with  sodium  sulphate.  After  filtering, 
the  ether  was  evaporated.    The  oily  residue  crystallized  partially 
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on  standing.  To  remove  adhering  oil  the  substance  waa  spread 
upon  a  day  plate.  The  pure  white  crystalline  substance  which 
remained  was  twitse  recrystallized  by  dissolving  in  hot  methyl 
alcohol  and  addii^  hot  water  until  the  solution  turned  cloudy. 
On  cooling,  the  su^tance  separated  in  colorless  plates.  The  snow- 
white  product  finally  obtain«i  weighed  0.1  gram.  The  crjrstal  form 
was  identical  with  that  of  the  semicarbazone  obtained  from  the 
non-phenolic  oil  from  cow  urine  and  like  the  latter  this  substance 
also  melted  sharply  at  165°  (uncorrected).  Since  the  crystal  form 
and  melting  point  of  the  two  semicarbaeones  were  exactly  alike 
we  believe  that  the  substances  were  identical. 

EXAHINATION   OF   THB   ALKALI-SOLUBLE   PORTION   OF  THB 
CBUDB   NEUTRAL   OIL. 

The  alkiJine  solution  was  acidified  with  sulphuric  acid  and  the 
oil  which  separated  was  extracted  with  ether.  The  ethereal  solution 
was  dried  with  sodium  sulphate,  filtered  and  the  ether  distilled  off. 
Hie  oil  which  remained  was  distilled  in  vacuum  and  at  about  1  mm. 
pressure  it  went  over  at  76°.  It  was  obtained  as  a  practically  colorless 
oil  of  distinctly  phenoUc  odor.  It  was  completely  soluble  in  20 
per  ct.  sodium  hydroxide.  It  reacted  with  great  violence  with 
concentrated  nitric  acid.  In  concentrated  sulphuric  acid  it  dis- 
solved with  a  faint  red  color.  When  cooled  in  a  freezing  mixture 
of  ice  and  salt  it  crystallized  to  a  white  solid  mass  which  again 
liquefied  at  room  temperature.  Its  aqueous  solution  or  suspension 
gave  a  fine  blue  color  with  ferric  chloride.  At  atmospheric  pressure 
the  oil  boiled  at  198°  (uncorrected). 

The  analysis  gave  the  following  result: 

0.1042  gm.  subst.  gave  0 . 0744  gm.  HjO  and  0.2949  gm.  COj. 

0.1696  gm.  subst.  gave  0.1172  gm.  H»0  and  0.4816  gm.  COj. 

Found:    C  =  77.18;  H  =  7.99  per  ct. 
C  =  77.44;  H  =  7.55  per  ct. 

For  cresol,  CtHiO^IOS;  calculated:  C=77.77;  H=7.40  per  ct. 

PBBFARATION  OF   CRESOL  URETHAlfE. 

The  cresol  urethane  was  easily  prepared  according  to  the  method 
of  Snape  *  as  follows:  1.08  grams  of  the  substance  uialysed  above 
and  1.19  grams  of  phenyliaocyanate  were  heated  in  a  sealed  tube 
for  16  hours  in  the  steam  bath.  At  the  end  of  this  time  the  content 
waa  still  fluid  but  on  shaking  for  a  few  minutes  it  crystallized,  forming 
a  solid  mass.  The  substance  was  removed  from  the  tube  and  washed 
several  times  with  petroleum  ether.  It  was  then  recrystallized  by 
dissolvii^  in  20  c.c.  of  hot  alcohol  and  adding  hot  water  until  the  solu- 
tion turned  cloudy.    On  scratching,  th^  substance  began  to  separate 

>H.  Lh^dSnive.    £<r.  dmt.  etan.  6«*.  18:2429.    1885. 
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in  lar^  colorless  plates.  After  standing  in  ice  water  for  some  time 
the  CTTBtals  were  filtered  off  and  washed  in  dilute  alcohol.  The  sub- 
stance was  ^ain  reciystallized  from  10  c.c.  of  hot  alcohol  from  which 
it  separated,  on  cooling  slowly,  in  long  colorless  needles  or  prisms. 
When  the  alcoholic  solution  is  cooled  quickiy  the  substance  separated 
in  large  colorless  plates.  The  crystals  were  filtered  and  washed 
in  a  Uttle  ice-cold  alcohol  and  allowed  to  dry  in  the  air.  Yield 
0.9  grams.  The  balance  of  the  substance  can  be  obtained  by  adding 
water  to  the  alcoholic  solution. 

When  heated  in  a  capillary  tube  the  substance  melted  at  113° 
(uncorrected).  According  to  Leuckart '  as  quoted  in  Beilst«in  the 
methane  of  p-cresol  melts  at  114°. 

After  drying  at  100°  in  vacuum  over  phosphorus  pentoxide,  when 
it  did  not  lose  in  weight,  the  substance  was  analyzed. 

0. 1391  gm.  subst.  gave  0.0720  gm.  H,0  and  0.3760  gm.  COj. 

For  cresol  urethane  CH,Cai*0-CO-  NH*  CJIs  =  227. 

Calculated:     C  =  74.01;  H  =  5.72;  N  =  6. 16  per  ct. 

Found:    0  =  73.72;  H  =  5, 79  per  ct. 

PBBPARATION   OF  THE   DINITBO-CRBSOL. 

Hie  oil  it«e1f,  as  has  been  mentioned  previously,  reacts  with 
great  violence  with  concentrated  nitric  acid.  Sometimes  long 
yellow  needles  separate  when  the  reaction  mixture  cools  but  most 
frequently  dark  colored  oily  masses  are  obtained.  However,  the 
di-nitro  derivative  is  easily  obtained  by  the  method  mentioned  in 
Beilstein.  About  4  grams  of  the  oil  was  dissolved  in  4  c.c.  of  glacial 
acetic  acid.  To  this  solution  was  added  slowly  a  mixture  of  6  c.c.  of 
concentrated  nitric  acid  dissolved  in  6  c.c.  of  glacial  acetic  acid.  The 
v^forous  reaction  was  soon  completed  and  on  standii^  a  short  time 
the  nitro  compound  began  to  separate  in  long  needles.  After  stand- 
ing for  two  hours  in  the  ice  box  the  yellow  crystals  were  filtered 
(^  and  washed  thoroughly  in  water.  For  recrystallization  the 
substance  was  dissolved  in  a  large  quantity  of  boiling  water  (about 
1.5  liters).  The  substance  is  very  slightly  soluble  in  water.  At  first 
it  vaslta  in  the  hot  water  and  dissolves  very  slowly  on  continued 
boiling.  After  filtering  and  cooling  slowly  to  room  temperature 
long  delicate  golden  yellow  needles  separated.  These  were  filtered 
off,  mished  in  water  and  dried  over  sulphuric  acid  in  a  vacuum 
desiccator. 

The  crystals  melted  when  heated  in  a  capillary  tube  at  83° 
(uncorrected).  The  3.5  di-nitro  p-cresol  accordii^  to  Beilstein 
melts  at  85°. 

The  substance  does  not  contain  any  water  of  crystallization  as  it 
does  not  lose  in  weight  on  drying  over  phosphorus  pentoxide  at  the 
temperature  of  boilmg  chloroform. 

•Ltnekait.    /our.  proU.  Ckm.  [2],  41:319. 
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From  alcohol  the  substtince  crystallizes  in  very  massive  dark 
yellow  needles  which  algo  melted  at  83'. 

On  analysis  the  following  result  was  obtained: 

0.1718  gm.  subst.  gave  0.0509  gm.  HjO  and  0.2678  gm.  COj. 

For  di-nitro  cresol,  CH,-C»H,  (NOj)s'OH  =  198. 

Calculated:    C  =  42.42;  H  =  3.03;  N  =  14.14  per  ct. 

Found:     C  =  42.51;  H  =  3.31  per  ct. 

For  comparison  with  the  above  di-nitro  cresol  we  prepared  a 
di-nitro  compound  by  the  same  method  from  the  cresol  isolated 
from  cow  urine.  From  the  distillates  from  cow  urine  we  had  obtained 
about  300  grams  of  cresol  as  a  by-product  in  the  preparation  of 
the  non-phenolic  volatile  oils  previously  described.'  The  two 
di-nitro  derivatives  were  found  to  be  identical  in  every  respect. 
The  di-nitro  cresol  from  cow  urine  crystallized  from  alcohol  in 
massive  dark  yellow  needles  which  melted  at  83°  (uncorrected) 
and  from  water  it  separated  in  long  delicate  golden  yellow  needles 
which  also  melted  at  83°  (uncorrected). 

The  identity  of  the  two  substances  was  further  confirmed  by  the 
analysis. 

0.1177gm.  subst.  gave  0.0339  gm.HjO  and  0,1817  gm.  COj. 

Found:    C  =  42.10;  H  =  3.22  per  ct. 

There  appears  to  be  no  doubt  from  the  work  reported  above  that 
the  alkah  soluble  portion  of  the  crude  oil  obtained  from  goat  urine 
was  identical  with  the  oil  obtained  under  similar  conditions  from 
cow  urine.  The  study  of  the  substance  itself  and  the  derivatives 
mentioned  above  makes  it  evident  that  the  oil  is  p-cresol.  The 
substance  ia  also  identical  with  the  phenol  called  "  Ur(^l "  by 
Mooser*.  Since  we  have  shown,  however,  that  the  above  oil  is 
identical  with  p-cresol  it  is  evident  that "  Urogol  "  also  is  not  isomeric 
but  identical  with  p-cresol, 

III.    THE  NON-PHENOLIC  VOLATILE  OILS  OF  HORSE 
AND  HUMAN  URINE. 

INTRODUCTION. 
It  was  reported  by  Stadeler*  that  the  distillates  from  acidified 
urines  from  horses  and  human  beings  contained  certain  alkaU  insoluble 
volatile  oils  similar  to  the  oil  obtained  from  cow  urine.  Other  investi- 
gators have  observed  and  confirmed  this  report  of  Stadeler.  Hoppe- 
Seyler  *  states  that  in  horse  urine  there  occurs  in  addition  to  phenols 
also  volatile  camphor-like  substances  and  Baunuum,'  in  his  exhaustive 

'  R.  J.  AndosoD.     See  preceding  article. 

'  W.  Mooser.    I.  c. 

'G.Stftdeler.    Ann.  CAem.  77:17.    1851. 

*  Hoppe^Seyler.     Handbuch  d.  [diysiol.  u.  pathol.  chem.  Aiuilyse.     1S75,  p.  109 

•  £.  Bauni&im.    Pfliigert  Arch.  Phyfud.  I3:28S.    187& 
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investigations  concerning  the  conjugated  sulphuric  acids  in  urine 
abserved  a  similar  substance.  This  author  states:  "  Deatilliert  man 
das  durch  Zersetzung  einer  grosseren  Menge  Pferdeham  erhaltene, 
auf  dem  Waseer  meist  schwinunende  Oel  mit  Aetzkali,  so  erh&lt  man 
im  Destillat  auf  dem  Wasser  schwimmende  gelbe  oelige  Tropfec  die 
frei  von  phenolartige  Korper  siod.  Dieselben  besitzen  einen 
eigeotamlichen,  an  gewisse  atherische  Oele  erinnemden  Geruch." 
Briber  ^  describes  a  similar  oil  obtained  from  human  urine.  This 
substance  is  described  as  a  light  yellow  colored  oil  of  pleasant 
peppermint-like  odor.  By  cooling  it  neither  solidified  nor  crystallized. 
It  contained  nitrogen.  It  gave  red  colorations  with  fuming  uitric 
acid,  concentrated  sulphuric  acid  and  with  Millon's  reagent.  With 
concentrated  hydrochloric  acid  it  gave  a  fine  red  color  which  changed 
into  blue  and  after  a  while  into  a  dirty  violet.  Bromine  water 
gave  a  resinous  precipitate  but  the  oil  gave  no  color  reaction  with 
rerrie  chloride.    Given  to  a  rabbit  it  caused  no  visible  disturbance. 

It  has  been  claimed  by  Fricke  *  that  both  horse  and  human  urine 
contain  the  sul^tance  "  Urogon  "  described  by  Mooser  *  as  existing 
in  cow  urine.  We  *  have  shown,  however,  that  the  substance 
"  UrogoQ  "  a  not  homogeneous  but  a  mixture  consistii^  of  p-cresol 
and  a  non-phenohc  oil  having  the  composition  CioHuO,  our  results 
confirming  the  opinion  expressed  by  Neuberg  and  Czapski.' 

Dehn  and  Hartman  *  have  recently  reported  the  discovery  in 
human  urine  of  a  substance  which  they  call  "  Urinod."  This 
substance  is  supposed  to  be  the  cause  of  the  characteristic  odor  of 
urine  and  it  is  described  as  possessing  other  remukable  properties. 
It  reacted  with  concentrated  nitric  acid  with  explosive  violence 
uid  when  treated  with  fixed  alkalis  a  terpene-Uke  odor  was  pro- 
duced. The  substance  combined  with  bromine  with  liberation  of 
hydrobromic  acid.  It  gave  no  definite  compounds  with  semi- 
carbazide  or  hydroxyhtmine  hydrochlorides  but  a  crystalline  di-nitro 
derivative  was  obtained. 

In  the  present  investigation  we  have  confined  ourselves  entirely 
to  the  non-phenolic  or  alkali-insoluble  portion  of  the  oils  obtained 
on  distilling  acidified  horse  urine  and  human  urine.  In  the  prepsr 
ration  of  the  so  called  neutral  or  alkali-insoluble  oib  from  the 
distiUates  of  urine  it  is  necessary  to  bear  in  mind  that  the  distillates 
contain  large  quantities  of  phenols,  principidly  p-cresol,  and  a  very 
small  percentage  of  really  neutral  or  alkali-inaoluble  oils.  We  have 
previously  referred  to  the  difficulty  of  completely  removing  phenols 

'L.Bri(«er.    Ziithr.  pltynol.  Chm.  4:20i.    ISSa 

■E^DMtFricke.     Pjlugen  AnA.  Phytid.  156 -.225.     1914 

•W.MtNMW.    ZtKhr.  pl^/nol.  Chan.    63:166.     1909. 

*  R.  J.  ADdenon.    Sm  two  preMdiog  papva. 

*C.  N«ibc^u.L.CMpelEi.    Kocftem.  ZtecAr.  67:2S.    1014. 

■  W.  U.  Ddm  and  F.  A.  Hartmu.    Jour.  Am.  Chan.  Soc  3t:'2136.    1914 

19 


ilized  by  Google 


290      Report  of  the  Depabtment  of  Cseuistbt  of  the 

from  an  ethereal  solution  by  shaking  the  latter  with  aqueous  alkali  > 
and  Neuberg  and  Czapski  *  have  shown  that  both  phenol  and 
cresol  may  be  extracted  by  petroleum  ether  from  a  stron^y  alkaline 
solution.  Various  authors  like  Mooser,'  Fricke  *  and  Dehn  and 
Hartman  '  apparently  have  not  taken  the  importance  of  this  matter 
into  account  and  have  f^Ied  to  assure  themselves  that  phenols  and 
cresols  had  been  completely  removed  from  the  so  called  neutral 
oils  which  they  finally  obtained  and  analyzed. 

We  cannot  believe  that  the  oil  described  under  the  name  of 
"  Urinod  "  by  Dehn  and  Hartman  (1.  c.)  is  any  more  of  a  chemically 
homogeneous  substance  than  the  "  Urogon  "  of  Mooser  and  Fricke. 
The  properties  ascribed  to  "  Urinod "  are  practically  identical 
with  those  which  we  have  observed  in  the  cam  of  all  so  called  neutral 
oils  obtained  from  cow  and  goat  urines.  The  peculiar  chemical 
reactivity  of  these  oils,  viz.,  the  violent  reaction  with  concentrated 
nitric  acid  and  the  absorption  of  broDune  with  Uberation  of  hydro- 
bromic  acid  is  due  to  the  cresol  contained  in  such  oils  and  we  feel 
quite  certain  that  the  substance  called  "  Urinod  "  must  abo  have 
been  largely  contaminated  with  phenol  or  cresol  since  it  would 
have  been  practically  impossible,  in  accordance  with  our  experience, 
completely  to  remove  all  of  the  phenols  by  the  method  employed 
by  Dehn  and  Hartman. 

The  peculiar  and  disgusting  odors  possessed  by  all  of  the  crude 
neutral  oils  obtained  from  urine  distillates  are  apparently  caused  by 
very  minute  quantities  of  powerfully  odorous  substances.  These 
odors  moreover  differ  according  to  the  kind  of  urine  from  which 
the  oils  are  isolated.  The  oil  from  goat  urine,  for  instance,  has 
a  powerful  and  di^usting  odor  of  goats,,  that  from  cow  unne  smells 
like  the  odor  pecuhar  to  cow  stables  and  the  oil  from  human  urine 
has  a  strong  and  persistent  odor  which  is  very  similar  to  that  of 
human  urine.  These  odors  are  destroyed  by  nitric  acid  as  stated 
by  Dehn  and  Hartman  and  they  are  also  immediately  destroyed 
t^  concentrated  alkali  when  brought  into  direct  contact  with  the 
crude  oils.  We  have  noticed  also  that  these  odors  are  lost  on 
repeated  fractionation  of  the  oils  in  high  vacuum.  For  this  reason 
we  believe  that  these  highly  odoriferous  subptances  are  very  volatile 
bodies  which  are  merely  dissolved  in  the  crude  oils.  The  crude  oils 
like  "  Urogon  "  and  "  Urinod "  cont^n  therefore  not  less  than 
three  substances,  viz. 

I.  Principally  cresol. 

II.  A  sniAll  p^centage  of  alkali  insoluble  neutral  oils  which  vary 
accordii^  to  the  terpen&4ike  bodies  contained  in  the  food,  and 

'  R.  J.  AndenDn.    Sm  preoading  p^>en. 
*  C.  Nmbi^  u.  L.  Cf^iflki.    1.  «. 

»  W.  Mooaw.     1.  c. 


W^.  H.  Dehn  and  F.  A.  Hartman.    L  o. 
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m.  The  di^ustmg  odoriferous  bodies. 

The  first  two  can  be  separated  by  means  of  sufSciently  concen- 
^ted  alkali  which  dicisolveB  out  the  cresolleaving  the  alkali  insoluble 
oil,  but  the  odoriferous  substancea  become  destroyed  by  this  treat- 
ment —  because  the  residual  insoluble  oil  possesses  an  agreeable 
terpene-like  odor  and  the  cresol  isolated  after  acidifying  the  alkaline 
solution  has  a  pure  phenolic  odor  without  any  trace  of  the  disgusting 
odor  of  the  original  substance. 

It  would  be  interesting  to  study  further  these  odorous  substances. 
Such  studies,  however,  are  very  difficult  because  these  substances 
aie  apparently  present  in  exceedingly  minute  quantities.  Although 
we  have  tried  to  obtam  some  knowledge  concerning  the  nature  of 
these  odorous  bodies  we  have  been  unable  to  secure  any  other  evidence 
ot  their  existence  than  the  smell. 

EXPERIMENTAL  PART. 
THB  NON-FBENOLIC  VOLATILE  OIL  FROM  HORSE  mUNE. 

About  67  liters  of  mixed  horse  urine  were  collected  during  the 
winter.  The  fresh  urine  was  evaporated  to  about  one-eighth  of  its 
volume,  strongly  acidified  with  sulphuric  acid  and  distilled  with 
steam  until  no  more  oil  went  over.  The  distillates  were  extracted 
witii  ether  and  the  ethereal  solution  was  repeatedly  shaken  with 
20  per  ct.  sodium  hydroxide  and  then  with  dilute  sulphuric  acid, 
finally  washed  with  water  and  dried  with  sodium  sulphate.  After 
evaporating  the  ether  the  oily  residue  was  distilled  in  vacuum. 
There  were  obtained  two  grams  of  a  light  yellow  oil  which  in  odor 
resembled  the  product  previously  isolated  from  cow  urine,  but  it 
differed  in  composition  by  containing  nearly  3  per  ct.  more  hydrc^n. 

0.1353  gm.  subst.  gave  0.1251  gm.  HgO  and  0.3831  gm.  CO2. 

Found:    C  =  77. 22;  H  =  10.35  per  ct. 

The  substance  reacted  slightly  wiUi  concentrated  nitric  acid 
which  indicated  traces  of  cresol. 

The  oil  was,  therefore,  thoroughly  shaken  with  20  per  ct.  sodium 
hydroxide  until  a  milky  emulsion  was  formed.  This  was  extracted 
with  ether  and  after  (hying  and  evaporating  the  ether  the  re»due 
was  again  distilled  in  vacuum.  At  about  1  mm.  pressure  it  went 
over  at  100°.  It  was  a  light  yellow  colored  oil,  of  pleasant  aromatic 
or  terpene-like  odor,  which  weighed  0.7  gram.  It  was  free  from 
nitrogen  and  sulphur. 

The  alkaline  solution,  after  extracting  the  above  alkali-insoluble 
(nl,  was  acidified  with  sulphuric  acid,  the  oily  substance  was  extracted 
with  ether  and  finally  distilled  in  vacuum.  The  distillate  went 
over  at  76°  and  2  mm.  pressure.  It  was  a  practically  colorless  oil 
of  distinct  phenolic  odor  which,  when  suspended  in  water,  gave  a  fine 
blue  coloration  with  foric  chloride  and  it  reacted  with  great  violence 
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with  concentrated  nitric  acid.    There  appefu«  to  be  no  doubt, 
therefore,  that  this  subetanee  was  cresol. 

This  shows  again  how  difficult  it  is  to  extract  all  of  the  phenols 
from  an  ether^  solution  by  aqueous  alkali.  Traces  of  cresol 
remained  in  this  oil  in  spite  of  the  fact  that  the  ethereal  solution 
had  been  repeatedly  shaken  thoroughly  with  20  per  ct.  sodium 
hydroxide. 

PROPEHTnca  OF  the  above  alkali-insoluble,  or  neutral,  oil. 

The  aqueous  suspension  of  the  oil  gives  no  color  reaction  with 
ferric  chloride. 

It  does  not  solidify  in  a  freezing  mixture  of  ice  and  salt. 

When  mixed  with  cold  concentrated  nitric  acid  the  oily  globules 
assume  a  red  color  and  on  warming  the  oil  dissolves  giving  a  yellow 
solution  which  on  dilution  with  water  turns  cloudy. 

With  cold  concentrated  hydrochloric  acid  no  change  takes  place, 
but  on  heating  the  oil  turns  red  in  color. 

In  cold  concentrated  sulphuric  acid  the  oil  dissolves  giving  a 
dark  red  solution. 

In  chloroform  solution  bromine  is  absorbed  with  liberation  of 
hydrobromic  acid. 

Potassium  permai^anate  solution  is  immediately  decolorieed. 

Ammoniacal  silver  nitrate  is  reduced  on  heating.  It  is  soluble 
in  all  proportions  in  the  ordinary  organic  solvents  but  insoluble  in 
alkali  or  water. 

On  analysis  the  following  result  was  obtained: 

0.1247  gm.  subst.  gave  0.1224  gm.  HiO  and  0.3423  gm.  COi. 

Found:    C  ^  74.86;  H  — 10.98  per  ct. 

The  percentage  composition  agrees  with  the  formula  CiHuO. 

Calculated  for  this:    C  =  75.00;  H  =  10.71  per  ct. 

IHE   NON-PHENOLIC   OIL  FROU   HUMAN   URINE. 

The  fresh  urine  which  was  acid  in  reaction  was  made  sliehtiy 
alkaline  by  adding  sodium  carbonate  and  then  evaporated  to  about 
one-ei^th  of  its  volume.  The  residue  was  acidified  with  sulphuric 
acid,  distilled  with  steam,  the  distillate  extracted  with  ether  and  the 
ethereal  solution  shaken  repeatedly  with  20  per  ct.  sodium  hydroxide 
and  then  with  dilute  sulphuric  acid.  In  all  HI  liters  of  urine  were 
evaporated  and  distilled.  A  small  amount  of  yellow  colored  oil 
remained  on  evaporating  the  ether.  The  oil  possessed  a  strong  and 
persistent  odor  of  human  urine  and  it  reacted  slightly  with  concen* 
trated  nitric  acid.  In  order  to  remove  phenols  completely  the  oil 
was  shaken  for  some  time  with  20  per  ct.  sodium  hydroxide  and 
distilled  from  the  alkaline  solution  with  steam.  The  distillate  was 
extracted  with  ether,  the  latter  dried  with  sodium  sulphate,  filtered 
and  evaporated  and  the  residue  distilled  in  vacuum  when  about 
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0.15  gram  of  a  light  yellow  oil  was  obtained.  It  did  not  contain 
nitn)gen. 

TtuB  <nl  had  an  agreeable  terpene-like  odor,  the  odor  of  urine  of 
the  original  crude  oil  having  been  lost  in  the  treatment  with  Bodium 
hydroxide. 

Iq  other  respects  it  gave  exactly  the  same  reactions  as  described 
for  the  oil  isolated  from  horse  urine  and  it  had  practically  the  same 
composition. 

0.1005  gm.  subst.  gave  0,0909  gm.  HjO  and  0.2777  gm.  COt. 

Found:    C  =  75. 36;  H  =  10.12  per  ct. 

This  substance  differs  in  competition  from  the  "  Urinod "  of 
Dehn  and  Hartman  (1.  c.)  by  containing  about  2  per  ct.  more 
l^drogen.  It  also  differs  from  the  above  product  by  giving  no 
reaction  with  concentrated  nitric  acid.  The  violent  reaction  pro- 
duced when  "  Urinod  "  was  treated  with  concentrated  nitric  acid 
was  undoubtedly  due  to  the  presence  of  phenols. 

Unfortunately  the  quantity  of  neutral  oil  obtained  from  horse 
urine  and  from  human  urine  was  too  small  to  permit  of  a  more 
extensive  investigation.  Of  all  the  urines  examined  that  from 
human  beings  contained  the  smallest  percentage  of  neutral  oil. 
St&deler  0-  c.)  also  reported  that  the  amount  of  oil  obtained  from 
human  urine  was  very  slight. 

As  a  result  of  our  investigation  of  the  neutral  alkali-insoluble 
oils  obtiiinable  from  the  urine  of  different  animals  we  have  found 
only  two  different  kinds  of  oil  so  far  as  compomtion  is  concerned 
as  is  shown  in  the  r^um6  below. 

CarrapondiTm  to  iXe 
Compotiiioa.  formula 

C        H 

178.25  10.84 
78.90  11.12 
78.30  10.46 
79.15  10.49 
TO  Oi  11  17 
78.68  nil 

From  cow  urine 74.77  10.61]  r  n  Xi 

From  horae  urine  .. .  74.86  10.98}„.  .  c,_if'ii.  h— in71 
From  hummi  urine..  75.36  10.12JC»"=-  C-76.00,  H-10.71. 

In  conclusion  we  venture  to  express  the  opinion  that  the  kind  of 
neutral  alkali-insoluble  oils  excreted  in  the  urine  of  different  animals 
to  a  lai^  extent  will  be  found  to  depend  upon  the  nature  of  the 
terpene-like  bodies  contained  in  the  food  and  for  this  reason  the  nature 
of  the  oil  will  vary  in  accordance  with  season  and  the  available 
food  supply. 


From  cow  urine. . 


C,oH,.0 
C  =  78.94,  H=10.52. 
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REPORT  OF  THE  DEPARTMENT  OF 
ENTOMOLOGY. 

PLANT  LICE  INJURIOUS  TO  APPLE 
ORCHARDa   L* 

STUDIES  ON  CONTROL    OF  NEWLY-HATCHED 

APHIDI». 

P.  J.  PARROTT,  H.  E.  HODGKISS,  and  P.  H.  LATHROP. 
SUMMARY. 

The  studies  reported  In  this  text  deal  vith  ceitsin  habits  of  the 
rosy  ap^e  aphis  {Aphit  Morbi  Kalt.)i  flie  oat  aflbis  {Aphis  avenee 
^b.)  and  the  green  apple  aphis  [AphtM  pomi  DeGeer),  and  with 
experiments  to  determine  their  relative  susceptibilities  to  spraying 
mixtures. 

These  aphides  attack  succulent  tissues,  as  the  stems  of  unopened 
blossoms  and  tender  fruits  and  young  leaves,  and  derive  subsistence 
from  such  structures.  During  1915  the  dwarfing  and  deforming 
of  apples  were  largely  if  not  entirely  the  work  of  the  rosy  aphis. 
The  effects  of  the  oat  aphis  and  the  green  apple  aphis  on  the  setting 
and  development  of  fruit  were  not  clearly  mdicated,  but  present 
evidence  suggests  that  when  numerous  they  may  cause  harm  to 
blossom  clusters  and  retard  growth  erf  young  apples.  The  first 
external  evidence  of  attack  by  the  rosy  aphis  on  the  fruit  was  a 
retardation  of  increase  in  transverse  diameter  ot  the  apples.  Con- 
tinued infestation  resulted  in  a  considerable  reduction  of  both  the 
transverse  and  axillary  diameters.  The  extent  of  injury  largely 
varied  with  the  degree  of  infestation,  while  the  rate  of  development 
of  the  apples  was  hi  inverse  ratio  to  the  numbers  of  the  insects. 
The  average  of  the  calibrations  of  infested  apples  was  1.51  ins.  for 
axillmy  diameter  and  1.71  ins.  for  the  transverse  diameter.  The 
checlcs  measured  3.37  and  2^7  ins.  respectively.  In  addition  to 
inhibition  of  growth,  attacks  on  the  fruit  by  the  insects  produced 
various  distortions  of  the  apples. 

Again^  the  rosy  aphis,  spraying  when  buds  were  opening  hi  an 
arole  orchard  (variety  Kome)  gave  the  followmg  results:  Average 
per  qoayed  tree,  2.55  centers  of  infestation,  1.83  injured  fruits  and 
9.55  curled  leaves;  average  per  unsprayed  tree,  45.71  centers  <ii 

■  A  npnut  et  Bulhtin  No.  416,  VOxaarr,  1916. 
1297] 
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infestation,  39.85  injured  fruits  and  189  curled  leaves.  Other 
experiments  gave  somewhat  similar  data.  This  treatment  ccnn- 
pletely  destroyed  the  oat  aphis  and  afforded  the  trees  ten^xiraiy 
relief  from  the  green  apple  aphis.  These  results  in  the  main  point 
to  the  sprajring  <d  apple  trees  as  buds  are  breaking  as  the  important 
initial  step  in  the  prevention  of  injuries. 

Nicotine  solution  and  soap,  nicotine  solution  and  Ume-sulidiur, 
and  crude  carbolic  acid  emulsion  proved  to  be  efficient  insecticides, 
usually  killing  a  large  percentage  of  the  inseots  wetted  by  them. 
In  one,  comparative  experiment  against  the  rosy  aphis  there  were 
indications  of  some^iat  greater  efficiency  for  nicotine  solution 
and  soap  and  nicotine  solution  and  lime-sulphur.  Of  the  foregoing 
preparations  nicotine  solution  and  soap  proved  uninjurious  to  foliage, 
while  nicotine  solution  and  lime-sulphur,  and  crude  carbolic  add 
emulsion  caused  slight  but  unimportant  injuries  to  apple  leaves. 
Sodium  sulphide  and  soap  in  combination,  while  on  efficient  aphidi- 
cide,  caused  serious  injuries  to  opening  buds  and  tender  leaves. 

The  continued  multiplication  of  the  green  apple  aphis  and  constant 
production  of  winged  forms  necessitated  repeated  applications  to 
obtain  entire  immunity  of  apple  trees  from  this  species.  Experi- 
ments with  soap  and  nicotine  solution  showed  that  while  these  are 
efficient  i^nrays  as  contact  insecticides,  they  afford  only  temponuy 
protection.  The  value  of  nicotine  solution  was  enhanced  by  the 
addition  of  large  amounts  of  lime.  In  tests  with  this  and  other 
species  of  plant  lice  tiiat  are  monophagous  and  breed  for  a  long 
period  on  the  same  host,  the  need  of  spraying  mixtures  with  more 
lasting  toxic  or  repellent  properties  was  strongly  indicated. 

INTRODUCTION. 
Notwithstanding  the  admitted  belief  that  the  insects  are  suscept- 
ible to  various  remedial  measures,  there  is  no  extensive  body  of 
positive  and  proven  evidence  which  shows  what  can  actually  be 
accomplished  in  a  practical  way  towards  the  prevention  of  losses 
by  the  various  species  of  aphides  that  are  injurious  to  foliage  and 
fruit  in  bearing  apple  orchards.  It  therefore  seems  worth  while  to 
direct  attention  to  certain  studies  on  the  activities  of  the  creatures 
and  to  experimental  results  which  bear  on  the  susceptibility  of 
these  aphides  to  spraying  mixtures.  The  matter  is  an  important 
one  because  of  the  increasing  shrinkages  in  apple  yields  in  conse- 
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quence  of  the  injurious  work  of  these  pests  and  the  extreme  difficulty 
of  controlling  the  aphides  by  the  measures  usually  advocated,  some 
of  which  are  strikingly  at  variance  with  experience  and  practice. 

In  order  to  secure  data  applicable  to  New  York  conditions  this 
Station  has  been  and  is  conducting  a  series  of  spraying  experiments 
agfunst  the  insects  in  apple  orchards  in  the  western  portion  of  the 
State.  The  work  bo  far  points  to  the  destruction  of  the  aphides 
on  the  expanding  buds  as  the  most  important  step  to  avoid  injuries 
by  these  pests.  From  a  practice,  as  well  as  a  scientific  stand- 
point, this  method  of  control  requires  additional  study  and  experi- 
mental effort  to  develop  greater  efficiency  in  spraying  practices. 
For  this  reason  it  has  seemed  important  to  those  who  have  had  the 
planning  of  these  experiments  that  they  continue  over  a  series  of 
years  in  order  to  eliminate  as  far  as  possible  inaccuracies  due  to 
unknown  and  uncontrollable  conditions  and  thus  secure  acciu*acy  of 
results  from  which  conclusions  may  be  drawn.  The  chief  pi.<^po8e 
of  this  bulletin,  which  is  our  second  report  in  this  study,  is  to  con- 
tribute further  data  on  the  habits  of  the  insects,  the  susceptibility 
of  the  newly-hatched  aphides  to  various  insecticides  and  the  effects 
of  spraying  when  buds  are  breaking  in  reducing  injuries  to  the  apple 
crop.     The  data  are  presented  under  the  following  headings: 

1.  Seasonal  behavior  of  the  aphides  injurious  to  apple  foliage 
and  fruit. 

2.  Influence  of  aphides  on  growth  of  apples. 

3.  Test  with  lime-sulphur  and  nicotine  solution  on  Rome  apples. 

4.  Test  of  various  insecticides  on  mixed  varieties  of  apples. 

5.  Test  on  young  apple  trees  against  the  green  apple  aphis. 

6.  Auxihary  experiments. 

OBSERVATIONS  AND  EXPERIMENTS. 
SEASONAL  BEHAVIOR  OF  THE  APHIDES  INJURIOUS  TO  APPLE 
FOLIAGE  AND  FRUIT. 

Injuries  to  the  foliage  and  fruit  of  bearing  apple  orchards  in 
western  NewYorkwere  not  as  much  in  evidence  during  the  summer  of 
1915  as  in  the  preceding  year.  The  important  fruit-growing  counties 
of  Niagara  and  Orleans  suffered  very  little  from  the  insects,  espe- 
cially the  rosy  aphis.  In  occasional  orchards  about  Spencerport, 
Wolcott,  Geneva  and  otiier  localities  there  was  considerable  evidence 
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of  the  destructive  work  of  these  pests,  and  quite  similar  conditions 
prevMled  generally  in  such  counties  as  Monroe,  Wayne,  Ontario 
and  Oswego. 

The  more  important  facts  in  the  seasonal  development  of  ihe 
different  species  are  briefly  indicated  a«  follows: 

Rosy  apple  aphit. — Hatching  of  this  species  (ApkU  aorin  Kalt.) 
occurred  during  the  period  of  the  swelling  and  breaking  of  the  buds, 
and.  as  indicated  by  certain  experiments,  all  of  the  nymphs  had 
probably  emei^ed  from  the  eggs  by  April  24,  at  which  time  the 
tips  of  the  leaves  were  beginning  to  project  from  the  ends  of  buds 
in  the  moat  advanced  stages  of  growth.  On  May  3,  at  which  time 
most  varieties  of  apples  showed  pink  in  the  blossoms,  many  of  the 
stem-mothers  were  giving  birth  to  young.  The  creatures  occupied 
exposed  positions  on  stems  of  the  blossoms,  which  were  as  yet  un- 
opened, or  on  the  under  surfaces  of  the  leaves.  The  foliage  at  this 
date  was  httle  affected  and  only  an  occasional  leaf  showed  evidence 
of  being  curled  or  rolled  by  the  insects.  As  will  later  be  observed, 
the  oat  aphis  was  much  more  numerous  during  this  period  because 
of  the  early  maturing  of  the  stem-mothers  and  the  rapid  rate  of 
reproduction,  which  was  now  at  its  height.  Frequently  single 
specimens  of  eorin  could  be  found  intermixed  with  large  numbers 
of  aoence  about  blossom  stems  or  in  curled  leaves.  For  a  period 
about  May  7  there  was  an  actual  reduction  in  the  numbers  of  the 
stem-mothers  of  the  rosy  aphis.  The  diminution  was  attributed  to 
the  attacks  of  its  parasitic  and  predaceoua  enemies  which  were 
abimdant  and  undoubtedly  destroyed  many  of  the  plant  lice.  On 
May  12  when  trees  were  coming  into  full  blossom  there  was  a  notice- 
able increase  of  the  rosy  aphis,  coincidental  with  the  maturing  of 
the  first  individuals  of  the  second  generation,  which  were  about  to 
produce  offspring.  As  late  as  May  23,  however,  solitary  stem- 
mothers  or  stem-mothers  with  from  eight  to  fifty-two  offspring 
about  them  were  observed  at  Geneva.  Six  days  later  similar  condi- 
tions prevailed  at  Wolcott,  where  single  stem-mothers  were  detected 
surrounded  with  from  ten  to  thirty-five  youi^.  At  this  latter  date, 
as  the  calyx  cups  of  young  apples  were  closing  (Plate  XXXI),  there 
b^an  a  period  of  activity  by  the  insects  which  was  characterized 
by  a  greatly  accelerated  rate  of  reproduction.  For  the  succeeding 
two  weeks  the  insects  spread  from  the  few  isolated  leaves,  which 
constituted  the  initial  centers  of  infestation,  to  the  remaining  leaves 
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of  the  affected  clusters,  and  from  them  to  the  unfolding  leaves  of 
adjacent  new  growth.  During  a  period  of  a  few  days  of  high  tem- 
peratures and  great  humidity  about  Jtme  16,  while  apples  were 
about  the  size  of  marbles,  the  rosy  aphis  multiplied  with  still  greater 
rapidity.  In  tlw  suddenness  of  the  attack  and  the  overwhelnung 
invasion  of  the  new  terminal  growth,  watersprouts,  and  fruit  and 
leaf  clusters,  as  evidenced  by  the  curUt^  and  discoloration  of  the 
affected  leaves,  the  effect  was  strikingly  similar  to  that  of  a  virulent 
attack  by  a  blighting  diaeaae.  An  interestii^  fact  to  be  noted  in 
this  production  and  spread  of  the  rosy  aphis  was  the  complete 
infestation  of  the  new  growth  of  leaf-clusters,  tips  of  young  shoots 
tmd  water-sprouts  on  trees  or  portions  of  trees  where  heretofore 
there  had  been  tittle  or  no  indication  of  the  presence  of  the  pest. 
On  June  18,  at  which  time  the  young  apples  ranged  in  size  frtmi 
marbles  to  small  walnuts,  the  stunting  and  deforming  elFects  of  the 
attacks  upon  the  fruit  were  plainly  evident  on  trees  in  the  Station 
orchards!  At  Wolcott  the  stunUng  of  youi^  apples  was  first  de- 
tected on  June  8. 

As  to  the  winged  forms,  occasional  specimens  were  first  observed 
at  Geneva  on  June  8  and  at  Wolcott  on  June  12,  and  during  the 
following  week  the  creatures  were  detected  on  the  narrow-leaf 
plantain  (P.  lanceolaia  L.).  By  June  22  large  numbers  were  develop- 
mg  wings,  and  whole  leaf  and  fruit  clusters  once  infested  by  them 
were  now  free  of  the  insects.  On  the  other  hand,  larger  or  smeller 
numbers  of  wingless  aphides  were  observed,  and  in  some  instances 
fruits  the  slse  of  walnuts  were  much  infested  on  one  side  by  them. 

Oat  (qAm. —  At  Geneva  the  oat  aphis  (Aphia  avmas  Fab.)  began 
to  hatch  on  April  16.  At  this  time  many  buds  showed  very  little 
separation  of  Uie  bud  scales,  and  only  an  occasional  bud,  usually 
at  the  end  of  the  terminal  growth,  exhibited  any  evidence  of  green 
tissues.  As  shown  by  a  number  of  spraying  experiments,  hatchii^ 
of  this  species,  as  well  as  of  the  ro^  aphis,  was  completed  as  the  buds 
showed  green  tissues  (Plate  XXXVI).  Antedating  the  rosy  aphis  by 
about  seven  days,  spedmens  of  ocenar  were  mature  by  April  26  and 
were  then  giving  birth  to  young.  On  May  3  when  apple  blossoms 
were  showing  pink  and  hardly  ready  to  open,  blossom  dusters  gen- 
erally were  infested  with  the  insects,  which  ranged  as  high  as  thirty 
to  forty  individu^  to  a  bud.  On  an  average  there  were  three  or 
four  stem-motheis  to  thirty  or  forty  of  their  offspring.    From  the 
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leaves,  Bepala  and  etems  of  the  unopened  bloesoms  Bap  was  oozii^ 
in  globules  from  the  feeding  punctures  of  the  insects,  and  in  some  in- 
stances it  appeared  that  the  insects  were  causing  the  euifaces  of  the 
stems  to  be  roughened  or  pimply.  Not  infrequently  as  many  as 
dghteen  to  thirty-four  aphides  were  also  observed  on  a  mi^le  petal 
.  and  where  the  insects  were  numerous  the  leaves  at  tiiis  date  were  be- 
ginning to  curl.  In  comparison  with  this  species,  aorbi  at  this  date 
was  quite  scarce  and  was  represented  entirely  by  solitary  stem- 
mothers  or  st«m-^ttothers  surrounded  by  a  few  of  their  offspring. 
On  May  12  winged  forms  of  the  oat  ap^iis  were  detected,  and  by 
May  20,  when  the  petals  were  dropping,  many  of  the  creatures  were 
in  the  winged  state.  Four  days  later  the  numbers  of  the  species  were 
greatly  reduced  by  the  m^^tion  of  the  winged  forms  to  th^  sum- 
mer host  plants.  On  May  29,  when  the  petals  had  dropped,  apple 
trees  about  Geneva  were  practically  free  from  this  species. 

Green  apple  aphis. —  At  Geneva  this  species  {Aphis  pomi  DeGeer) 
hatched  during  the  period  of  April  16  to  24.  gtem-mothefs  began 
to  mature  about  May  4,  when  pink  of  the  apple  blossoms  was 
showing,  and  on  this  date  a  few  specimens  were  observed  with  small 
numbers  of  offspring  about  them.  On  May  16,  or  about  eleven  days 
after  birth,  winged  forms  of  this  generation  appeared.  At  Wolcott 
on  May  23  great  numbers  of  wingless  and  winged  forms  of  this  species 
were  observed  in  the  blossom  and  leaf  clusters  in  a  commercial  planta- 
tion of  Gilliflower  apples,  causing  destruction  of  blossoms  and  severe 
injury  to  foliage.  About  Geneva  this  species  was  present  in  great 
numbers  on  the  terminal  growth  of  nursery  stock  and  of  young 
apple  trees  that  were  from  two  to  five  years  old  from  planting.  On 
the  whole  this  species  caused  little  foliage  injury  during  the  earlier 
part  of  the  summer  as  there  seemed  to  be  a  tendency  for  the  creatures 
to  ascend  the  growing  shoots  and  attack  the  tender  leaves  as  they 
imfolded.  In  abandoning  the  lower  leaves  for  the  newer  ones  the 
insects  appeared  not  to  be  established  a  sufficient  time  on  any  of  the 
foliage  to  cause  much  damage,  aside  from  a  slight  incurvii^  of  the 
margins  of  the  leaves.  Towards  the  latter  part  of  the  summer  the 
terminal  portions  of  the  new  growth  seemed  less  able  to  withstand 
the  attacks  of  the  pests,  and  during  early  August  there  were  marked 
evidences  of  damage.  The  foliage  of  badly-infested  trees  at  tim 
time  was  frequently  much  curled  and  often  blackened  with  the  aooty 
fungus  (Plate  XXXIV).    In  extreme  cases  leaves  become  discolored 
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and  dropped  and  in  not  a  few  inBtancee  a  goodly  portion  ot  the 
shoots,  commencing  from  the  tipe,  were  killed. 

An  interesting  fact  in  connection  with  this  species  is  that  on  June 
22  and  for  several  succeeding  days  there  was  a  distinct  Sight  of  winged 
individuals.  These  came  from  some  unknown  source  and  swarmed  over 
small  and  large  apple  trees  alike  in  the  region  of  Geneva,  establishing 
themselves  on  the  undersides  of  the  upper  leaves  of  the  new  growth. 

From  our  observations  of  the  insects  on  bearing  trees  it  is  apparent 
that  the  three  species  prefer  succulent  tissues,  as  the  stems  of  un- 
opened blossoms,  steins  of  tender  fruits  and  young  leaves;  and  they 
derive  subsistence  from  all  such  structures.  Dwarfing  and  deforming 
of  apples  were  mainly,  if  not  entirely,  the  work  of  sorbi,  and  became 
apparent  soon  after  blossoms  dropped  from  the  trees.  The  effects 
of  aeena  and  pomi  on  the  setting  of  the  crop  and  the  development 
of  the  fruit  were  not  so  cletu-ly  indicated.  When  numerous  each 
species  is  apparently  capable  of  caurang  harm  to  blossom  clusters, 
even  before  the  opening  of  blossoms,  and  probably  infliets  some 
damage  on  young  apples.  Present  evidence  points  to  the  conclu- 
sion that  injuries  by  the  different  species  are  cumulative,  increasing 
day  by  day  and  week  by  week,  and  that  damages  by  one  species 
may  be  intensified  by  the  succeeding  species  as  conditions  favor  their 
development  to  destructive  numbers. 

INFLUENCE  OF  APHTOES  ON  GROWTH  OF  APPLES, 

In  order  to  measure  the  influence  of  the  rosy  aphis  on  the  growth  of 
apples,  twenty  infested  fruit  clusters  and  an  equal  number  of  unin- 
fested  clusters  were  selected  on  a  Rome  apple  tree.  The  infested 
clusters  contained  sixty-one  apples,  giving  an  average  of  3.05  fruits  to 
a  cluster,  while  the  uninfested  ones  bore  fifty-four  apples,  making  an 
average  of  2.7  fruits  to  a  cluster.  The  selections  were  made  from  all 
sides  of  the  tree,  the  infested  and  free  clusters  being  so  interspersed 
that,  so  far  as  could  be  observed,  they  were,  with  the  exception  of  one 
factor — infestation  by  the  rosy  aphis — affected  by  similar  conditions. 

The  infested  clusters  were  divided  into  three  lots  according  to  the 
Dumbers  of  aphides  on  them  as  follows:  Series  I,  four  clusters 
severely  infested  with  aphides;  Series  II,  eleven  clusters  moderately 
infested;  and  Series  III,  five  clusters  slightly  infested.  The  checks. 
Series  IV,  comprised  twenty  fruit  clusters,  the  apples  of  which  were 
normal  in  all  respects  and  not  different  from  the  general  run  of  the 
sound  fruit  on  the  tree.    During  the  summer  all  the  apples  were 
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eatitoited  at  ntiier  frequent  intorvab,  the  measurements  bc«ng 
takoi  on  June  20, 24  and  28;  July  6, 10, 16,  23  and  30;  Av^tust  11  and 
18;  Septcmbo'  8  and  25;  and  October  1,  8  and  18.  The  orop  «M 
harrested  at  the  last-mentimted  date. 


no.  7.— DucouM  SBownro  Atxr&qbb  of  Muauauimni  or  NoiHu 

Arn,u  DoKiHO  Sohub  or  1B15. 

Whte  ban,  udllftry  dluneter;  Uaek  ban,  truavene  diametw. 

As  previously  noted,  the  calyx  cupe  of  applee  about  Geneva  befcan 
to  cloee  on  May  29,  and  during  the  following  weeks  the  rosy  aphis 
multiplied  very  rapidly.  This  increase  in  the  numbers  of  the  insects 
was  attended  by  injuriee  to  young  apples,  which  were  externally 


Tia.  8.— DuoKAii  SaowiNo  ATxiuosa  or  MEUtmamim 
Ltmnui  WITH  Rt»i  Arma. 
WlaU  bm,  ullaijr  diameter;  blade  bari,  traiuv 

apparent  during  the  fint  and  second  weeks  in  June.  The  effect 
erf  tbe  attack  was  to  cause  a  dwarfing  of  the  young  fruit,  which 
was  first  indicated  by  a  marked  retardation  of  increase  in  transvcrwi 
ifiameter.    Affected  apples  therefore  at  this  period  appear  to  be 
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proportionately  longer  than  the  normal  fruit.  The  average  n 
mente,  at  intervals  as  stated,  of  the  axillary  and  transverse  diameters 
are  given  in  Pig.  6.  A  study  of  the  curves  shows  that  while  with 
^ples  in  the  early  stages  of  development  the  aidUary  diameters 
of  all  series  exceed  the  transverse  diameters,  the  transverse  diameters 
of  the  normal  fruit  increased  much  more  rapidly  than  those  of  the 
affected  fruit.  The  transverse  diameters  of  the  sound  senes  equaled 
the  axillary  diameters  on  June  28,  and  rapidly  exceeded  them  there- 
after. The  transverse  diameters  of  infested  apples,  however,  did 
not  equal  the  axillary  diameters  until  July  4,  and  the  measurements 
subsequently  until  July  15  cloeely  approximated  each  other.  The 
inhibition  of  growth  by  the  aphides  is  graphically  shown  in  Figs.  7 
and  8.  The  white  bars  represent  the  aven^  of  the  measui«ment6 
of  tiie  axillary  diameters  of  the  apples,  while  the  black  bars  represent 
similarly  the  transverse  diameters.  Fig.  7  gives  the  average 
measurements  of  all  of  the  fruit  of  the  sound  clusters,  while  Fig, 
8  shuws  the  average  measurements  of  all  of  the  fruits  of  the  infested 
clusters.  The  average  rate  of  growth  of  the  apples  in  the  two 
lota  is  shown  in  Table  I. 


Tabu  I. — Atbraoi  Obowth  o 


SovHD  Appixb. 

Infested  Applbb. 

Axillary 
diuueta'. 

Aiillary 
diameter. 

tUametw. 

June 

1.125 
.593 

.407 
.218 
.032 

Int. 
1  285 

:453 
.359 
.110 

June 

July 

AuRUrt 

October 

j™. 

0.906 
.344 
.187 
.063 
.015 

Im. 
0.875 

October 

.218 
.094 
.031 

Totals 

2.375 

2.875 

1.615 

1.718 

It  will  be  observed  that  the  greatest  development  of  the  fruit 
occurred  in  June,  the  growth  being  less  rapid  as  the  season  advanced. 
As  previously  indicated,  the  apples  of  the  mfcsted  series  sustained 
a  great  check  to  their  development  during  early  June,  although 
the  destructive  work  of  the  peat  apparently  continued  in  some  cases 
until  the  middle  of  July.    In  this  connection  mention  should  be 
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made  of  the  fact  that  June  14  marked  the  beginnii^  of  the  period 
when  fruit  and  leaf  clusters  were  being  entirely  abandoned  by  the 
ro^  aphis,  and  all  those  considered  in  the  foregoing  series  were 


Via.  ft—DiAOKAuSHowiMa  Vauations  lit  SiEU  OP  Apples  AcoaRi>- 

iNQ  TO  Diosxa  or  iNnsTATioN. 
mtf«(Nir(,axitlAry  diameter;  Uoci ban,  trBnavcne diameter.  (1),  Apple 

cluster  severely  inTested;   (2),    ap{je  cluster  nioderatdy   infeeted; 

(3),  Apple  duster  sli^tly  infested. 

free  of  the  insects  by  July  6.  Efforts  to  establish  the  aphides  on 
apples  met  with  failures  after  June  23,  while  some  fruit  clusters 
near  those  that  were  calibrated  continued  to  be  infested  until  July  15. 
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The  inhibition  of  the  growth  of  the  young  apples  varied  largely 
according  to  the  ext«nt  of  infestation.  In  general  the  rate  of  d^- 
velopment  was  in  inverse  proportion  to  the  degree  of  infestation — 
the  larger  the  number  of  aphides  the  smaller  the  size  of  the  affected 
fruit.  The  extent  of  this  variation  according  to  the  degree  of 
infestation  is  represented  graphically  in  Fig.  9,  which  is  baaed  on 
the  measurements  of  three  typical  clusters.  At  the  time  of  harvest- 
ing, October  18,  there  were  forty-nine  apples  of  the  infested  series  I, 
II,  and  III,  and  thirty-one  apples  of  the  checks  or  series  IV.  When 
picked  the  fruit  was  clasfdfied  according  to  size  as  follows: 

LOT  I.       INFBBTEn  APPLES. 

5  apples  less  than  1  inch  in  diameter. 

8  apples  between  1  and  1  1/2  inches  in  diMneter. 

9  apples  between  1  1/2  and  1  3/4  inches  in  diameter. 
14  apples  between  1  3/4  and  2  inches  in  diameter. 

8  apples  between  2  and  2  1/4  inches  in  diameter. 
B  apples  between  2  1/4  and  2  1/2  inches  in  diameter. 

LOT  II.      CHECK  OB  SOTTND  APPLES. 
7  apples  between  2  1/4  and  2  1/2  inches  in  diameter. 
10  apples  between  2  1/2  and  2  3/4  inches  in  diameter. 

6  apples  between  2  3/4  and  3  inches  in  diameter. 

7  apples  between  3  and  3  1/4  inches  in  diameter. 
1  apple  3  3/8  inches  in  diameter. 

Because  of  irregular  shape,  only  two  of  the  infested  apples  of 
marketable  size  in  Lot  I  were  of  commercial  value,  and  with  these 
exceptions  all  of  the  fruits  in  this  class  were  practically  worthless. 
Aside  from  indicating  the  variation  in  extent  of  injury,  these  figures 
show  more  clearly,  perhaps,  than  any  other  statistical  data  that 
have  been  ^ven,  the  destructive  power  of  the  rosy  aphis  and  the 
character  of  the  shrinkages  in  fruit  yields  following  a  sevwe  attack. 

Reduction  in  the  Mze  of  the  fruits  is  not  the  sole  injury  sustfuned 
by  young  apples  by  attacks  of  aphidra.  There  is  in  addition  a  dis- 
tortion of  thdr  shape,  which  consista  in  the  flattening  of  the  calyx 
area  or  of  the  protrusion  of  the  calyx  or  the  checking  of  the  growth 
of  the  fruit  on  one  side  (Plate  XXXIII).  These  disfigurements  are 
of  varjring  intensity;  sometimes  so  sUght  as  to  be  scarcely  noticeable, 
and  in  extreme  cases  so  severe  that  the  apices  are  knotty  and  gnarly 
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and  generally  misshapen.  In  tiie  series  under  observation  the  apples 
were  always  distorted  when  both  leaves  and  fruit  of  a  cluster  were 
affected,  but  such  malformations  were  little  in  evidence  when  the 
infestation  by  insects  was  entirely  restricted  to  the  foliage  of  a 
fruit  cluster.  In  the  latter  case  the  leaves  were  generally  curled, 
and  while  the  fruit,  as  will  be  later  shown,  was  more  or  less  reduced 
in  size,  there  was.  no  visible  distortion  of  the  apples  aside  fnnn  a 
slight  Sattenii^  of  the  calyx  area  in  some  instances. 

Another  characteristic  result  of  infestation  by  the  rosy  aphis  was 
the  failure  of  many  of  the  apples  to  drop,  with  the  result  that  tlie 
dwarfed,  def(Hmed  fruit  hung  in  clusters.  In  the  different  series 
under  observation  the  average  number  of  apples  on  the  infested 


Fia.  X).— DiAORAM  SHOTtira  Ixflumkcm  or  Lur  iHiwrAnoN  ok 

Gbowtb  of  Atflm. 

WkiU  Itri,  axOluy  diameter;  Hack  ban,  traDBverae  diameter. 

clusters  was  greater  than  that  ot  the  normal  clusters.  At  the  time 
when  the  first  measurements  were  made  the  largest  number  of  apples 
on  an  affected  cluster  was  seven,  while  the  largest  number  of  apples 
on  a  sound  cluster  was  five.  At  the  end  of  the  seaaon  the  laigest 
numbers  per  cluster  were  respectivdy  six  and  five  apples.  The  average 
niunber  of  apples  per  cluster  at  the  beginning  of  the  period,  as  stated 
previously,  was  3.05  fruits  for  the  affected  clusters  and  2.7  fruits 
for  the  sound  dusters.  The  average  number  of  apples  per  cluster  at 
the  conclusion  of  the  period  of  observation  was  respectively  2.63 
fniits  for  the  infested  clusters  and  1.83  fniite  for  the  sound  clusters. 
Besides  the  inj  uries  that  result  from  the  direct  attack  of  the  rosy 
aphis  upon  the  apples,  there  are  also  damages  to  the  crop  in  con- 
sequence of  infestation  of  adjoining  leave&  As  a  rule  infestation  of  the 
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fruit  ia  accompanied  by  the  presence  of  more  or  less  of  the  insecta 
on  the  foliage,  and  generally  the  first  intimation  of  an  attack  ia  the 
curling  of  one  or  more  of  the  adjacent  leaves.  The  question  arises 
as  to  the  extent  of  influence  of  the  insects  on  the  size  of  the  apples 
when  the  infestation  is  confined  solely  to  the  folit^e.  To  obt^  data 
on  tliis  point  calibrations  were  made  of  thirteen  apples,  distributed 
among  five  clusters,  the  leaves  only  of  which  were  infested  with  the  rosy 
aphis.  The  avera^  measurements  of  these  apples  are  shown  ia  Fig.  10. 
It  will  be  observed  that  these  are  intermediate  in  Bise  between  those 
obtained  from  normal  fruit  and  those  from  apples  directly  attacked 
by  the  ineecte,  as  shown  in  Figs.  7  and  8.  These  apples,  while  under- 
sized and  unfit  for  the  market,  lacked  the  distortions  so  character- 
istic of  fruits  that  bad  been  infested  by  goodly  numbers  of  aphides. 


This  experiment  was  undertaken  to  get  more  detailed  data  than 
heretofore  obt^ned  in  our  work  as  to  the  effects  upon  the  different 
species  of  aphides  of  spraying  when  buds  are  breakii^,  and  the 
extent  of  protection  to  foliage  and  blossom  and  fruit  clusters  afforded 
by  the  treatment.  The  orchard  chosen  for  the  test  consists  of  sixty 
trees  of  the  variety  Rome  for  the  permanent  plantii^.  This  variety 
was  top-worked  on  Ben  Davis,  the  Rome  buds  all  having  come  from 
one  tree  and  t^e  stock  having  been  carefully  selected.  This  precau- 
tion was  taken  to  exclude  individual  variations.  The  trees  were  set, 
forty  feet  apart,  in  1896  and  are  therefore  about  nineteen  years  old 
(Plate  XXXV),  Provision  for  ample  pollination  is  provided  by  inter- 
vening rows  of  apple  trees,  embracing  approximately  one  hundred 
seventeen  other  varieties.  The  whole  orchard  has  been  given  careful 
attention  with  respect  to  cultivation,  pruning,  spraying,  etc.  Dur- 
ii^  1909,  1910  and  1914  the  trees  of  the  variety  Rome  sustained 
severe  injuries  by  plant  lice,  especially  the  rosy  aphis. 

DBTAHS  of  BXPBBIMBNTAL  OPEftATIONS. 

In  this  test  the  entire  orchard  was  sprayed  with  lime-sulphur  and 
nicotine  solution.  Lime  sulphur  testing  32°  B.  was  used  in  the  pro- 
portions of  one  gallon  to  eight  gallons  of  water  in  order  to  combat 
the  San  Josd  scale,  and  to  every  one  hundred  gallons  of  the  dilute  mix- 
ture ihsre  was  added  three-fourths  of  a  pint  of  nicotine  solution 
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(40  per  ct.)  to  destroy  the  plant  lice.  The  trees  were  divided  into 
three  plats,  which  were  sprayed  on  April  24,  26  and  27,  respectively, 
in  order  to  catch  the  insects  as  the  buds  were  in  different  stages  of 
development.  The  applications  were  made  with  a  power-sprayer 
under  rather  high  presaurea,  using  "  mistry "  nozzles  with  coarae 


O00000OO000 
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Rg.  U. — Diagram  op  RoMB  BiATTTT  Obckard  Sbowikg  Sfratid  Plat  and  Chbce 

X,  Sprayed  trees;  O,  GheckB. 
apertures.  The  men  operating  them  were  cautioned  to  spray  care- 
fully in  order  to  thoroughly  wet  the  ends  of  all  the  buds,  and  to  this 
end  to  apply  the  spraying  mixture  in  liberal  amounts.  This  experi- 
ment deals  with  three  rows  of  the  Rome  apple,  with  the  interplant- 
ii^,  sprayed  on  April  24  when  the  buds  were  green  at  the  ends,  and 
in  some  instances  the  tips  of  young  leaves  were  projecting  from  the 
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buds  (Plate  XXXVI).  The  plan  of  the  orchard  showing  the  location 
of  the  sprayed  trees  and  the  checks  is  given  in  Fig.  1 1.  For  the  checks 
there  were  seven  Rome  trees.  The  numba*  of  trees  sprayed  in  this 
plat  were  ^hteeo  Rome  and  thirty-two  trees  of  the  same  age  of  other 
varieties.  For  the  treatment  of  these  trees  five  hundred  gallons  of 
spraying  mixture  were  applied,  making  an  average  of  tan  gallons 
per  tree. 

BBSUIJTS  OF  BFBATmO   ON  APBIDB8  AND  HIDBB. 

At  the  time  of  treatment  the  oat  aphis  was  abundant  on  aU  of  the 
trees,  scarcely  a  bud  being  free  from  the  insects.  The  effect  of  the 
spraying  was  most  marked.  Following  Uie  application  there  was 
an  almost  complete  disappearance  of  the  creatures,  and  it  was  difficult 
to  find  a  single  specimen  for  the  remainder  of  the  period  when  one 
would  normally  find  the  species  on  apple  trees.  With  the  checks, 
quite  different  conditions  prevailed.  At  first  there  was  a  gradual 
increase  in  the  numbers  of  the  aphides  when ,  during  the  period  of  May 
3  to  May  12,  the  blossom  clusters  particularly  wctc  generally  overrun 
wiUi  them.  Many  insects  were  clustered  about  the  basal  portions 
of  the  stems,  from  which  there  exuded  tiny  globules  as  a  result  of 
tile  feeding  punctures  of  the  insects.  At  Hitb  time  stems  of  blosBoms 
were  observed  that  presented  a  roughened  »  "  pimply  "  appearance. 
In  addition  more  or  less  of  the  lice  were  assembled  on  the  petals  of 
the  unopened  blossoms  and  on  the  leaves,  which  were  slightly  curled 
or  presented  a  wrinkled  appearance. 

The  ro^  aphis  was  not  {Hesent  in  great  numbers  on  the  trees  dur- 
ing the  season.  Until  June  15  not  an  individual  of  this  species  was 
observed  on  any  of  the  sprayed  trees,  then  one  small  colony  was  otv 
served  on  Tree  9,  Row  1.  A  little  later  slight  infestations  were 
noted  on  a  few  more  trees.  While  the  checks  were  not  abundantly 
infested,  it  was  not  difficult  during  early  May  to  find  stem-mothers. 
The  trees  gradually  presented  less  satisfactory  conditions  as  the  sea- 
son advanced,  and  by  June  8  the  aphides  became  numerous  enough 
to  cause  appreciable  damage  to  both  fruit  and  leaf  clusters.  On 
June  27  when  the  principal  injury  had  been  done  by  the  insects  and 
they  had  practically  disappeared  from  the  orchard,  each  Rome  tree 
and  some  of  other  varieties  in  the  sprayed  and  unsprayed  plats  were 
carefully  examined  to  note  conditions  with  respect  to  injury  by  the 
rosy  ^his.    The  data  are  collected  in  Table  II. 
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Tablx  m. —  SuiouBT  OF  BxPBBnoNT  Against  Bobt  Arms. 


Ndmbeb  and  Vabiktt 
ofTbeu. 

Treatment. 

Cmtcn'oT 
infeatatioD. 

P^iiHe         Learet 
injured.         curled. 

Not^yed!!!! 

No. 
46 
8 
319 

No. 
33 
0 
279 

No. 

10    MixBd  varietiffl 

29 

Av««ee  per  qirayed  tree,  Re 
Average  for  all  aprayed  trees 
Average  per  unsprayed  tree, 

ma 

2-55 
1.93 
46.57 

1.83 
1.17 
39.85 

DISCUB&ION  OF  BESULTS. 

There  aie  two  facts  which  the  data  in  this  experiment  bring  out 
clearly.  The  one  of  greatest  interest  and  importance  is  that  the 
oat  aphis  and  rosy  aphis  had  largely,  if  not  entirely,  hatched  when 
the  buds  were  still  compact  and  the  tips  of  the  leaves  were  barely 
showing.  The  other  fact,  which  is  strongly  indicated,  is  that  the 
destruction  of  the  newly-hatched  aphides  by  the  treatment  afforded 
a  large  d^ree  of  protection  to  both  fruit  and  foliage. 

TEST  OF  VARIOUS  INSECTICIDES  ON  MIXED  VARIETIES  OF  APPLES. 
The  purpose  of  this  expoiment  was  to  determine  the  merits  of 
various  insecticides  for  the  control  of  the  aphides  as  well  as  to  ascer^ 
tain  the  effects  of  bud  treatment  upon  these  insects  in  an  orchard 
of  mixed  varieties  of  apples.  The  spraying  mixtures  tested  were 
lime-sulphur  with  nicotine  solution,  soap  with  nicotine  .solution, 
sodium  sulphide  with  soap,  and  crude  carbolic-acid  emulsion.  The 
formulas  for  the  different  spraying  mixtures  are  as  follows: 

(1)  Lfaoe-aulphur  and  niootiiie  solution: 

Lime^ilphur  solution  (32^  B.) 11  gals. 

Nicotine  Botu^D  (40  per  ct.) 1  pint. 

Water 89  gala. 

(2)  Soap  and  nicotine  aolutioD: 

Soap £  lbs. 

Nicotbe  aolutkiti  (40  per  e%.) 1  pint. 

Water 100  g^. 

{3}  Sodium  sulphide  and  soap: 

Sodium  sulphide  (56  per  ct  lul.) 16  Iba. 

Soap 5  lbs. 

Watw 60  gala. 

(4)  Crude  carbolie-aoid  emulnoD: 

Soap IS  Iha. 

Crude  carbolic  acid 1  pint. 

Water 100  gaU. 
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DETAILB  OF  SXPEBUfENTAIi  OPEBAHONB. 

The  orchard  in  which  the  test  was  made  consiatB  of  a  large  variety 
of  apple  trees  which  are  from  30  to  35  years  of  age.  There  were 
ei^ty-three  trees  in  the  experimeDt,  of  which  Bixty-oiue  were  sprayed 
with  the  different  preparations  and  fourteen  reserved  as  checks. 
The  applications  were  made  on  April  18,  19  and  20,  when  the  buds 
of  most  varieties  were  quite  green  at  the  tipe  and  still  compact,  al- 
though with  some  sorts  the  tips  of  young  leaves  were  iHtijecting 
(Plate  XXXVII).  The  trees  were  thoroughly  sprayed,  using  a  powers 
sprsyer  with  "  mistiy  "  nozzles.  The  average  amount  of  mixture 
used  for  each  tree  was  about  seventeen  and  one-half  gallons. 

EFFECTS  OF  SFBATTNO  ON  APPLE  TBEB8. 

Of  tiie  mixtures  applied,  the  soap  and  nicotine  solution  was  the 
oxiiy  combination  that  did  not  actually  cause  some  harm  to  the 
foliage.  There  was  slight  burning  of  the  tipe  of  the  moat  advanced 
leaves  by  the  lime-sulphur  and  nicotine,  but  the  injuries  were  not 
important  and  were  soon  obscured  by  the  new  growth.  Similar 
conditions  attended  the  application  of  the  crude  carbolic-acid  emul- 
aoD.  In  marked  contrast  with  the  foregoing  sprays  very  serious 
damage  was  caused  by  sodium  sulphide  and  soap.  The  destructive 
properties  of  this  combination  were  indicated  on  April  26,  ux  days 
after  the  treatment,  by  the  browning  of  the  buds,  which,  when  cut, 
appeared  lifeless  and  much  discolored.  At  the  time  of  blossoming 
the  buds  on  these  trees  generally  showed  great  retardation  in  their 
growth,  while  many  of  them  were  evidently  dead.  Only  a  few  blos- 
soms opened  at  the  normal  period,  and  others  that  were  only  partially 
injured  made  their  appearance  one  week  later.  The  effects  of  the 
treatment  were  most  apparent  on  the  lower  branches,  whUe  in  the 
upper  portions  of  the  trees,  especially  on  the  tips  of  the  tallest  branches, 
the  conditions  of  foliage  and  blosaoms  were  normal  On  the  other 
hand,  fruit  spurs  within  reach  of  the  operators  were  oftentimes 
practically  devoid  of  any  signs  of  life  (Plate  XXXVIII).  On  May  18 
the  dead  blossom  clusters  began  to  drop  and  adventitious  growth  was 
making  its  appearance  near  Uie  base  of  the  buds  that  were  destroyed. 
Blossom  clusters  only  partially  injured  showed  a  few  blossoms  with 
stems  that  were  short  and  of  uneven  lengths,  while  the  new  leaves 


ilized  by  Google 


New  Yobk  Agbicultdral  Expbkdibnt  Station.        317 

were  amaQ  and  few  in  number.  The  condition  of  the  trees  improved 
as  the  summer  advanced,  by  tlie  devdopment  of  the  new  growth; 
but  during  the  entire  summer  and  at  the  time  of  harvesting  many  of 
the  dead  blossom  buds  could  be  found  with  Uttle  difficulty.  The 
yields  of  fruit,  as  was  to  be  expected,  were  v^y  small  on  the  trees 
receiving  this  treatment. 

REBULTB  07  BPRATINQ  ON  APHIDBS. 

The  conditions  of  the  trees  with  respect  to  the  oat  sphia  and  rosy 
aphis  were  quite  aimilar  to  those  in  the  preceding  experiment,  except 
perhaps  that  the  latter  species  was  slightly  more  numerous  and  there- 
fore somewhat  more  destructive.  The  spraying  with  any  of  the 
mixtures  ^ected  an  almost  complete  destruction  of  the  oat  aphis, 
and  with  respect  to  this  insect  all  of  the  sprayed  plats  presented 
great  contrast  with  the  unsprayed  plats.  During  the  latter  part 
of  April  and  early  May  the  rosy  aphis  could  hardly  be  said  to  be 
abundant,  and  yet,  especially  with  most  of  the  checks,  little  difficulty 
was  experienced  in  finding  specimens  of  the  stem-mothers.  During 
June  the  insect  developed  rapidly  in  numbers,  and  from  the  relatively 
few  leaf  and  blossom  clusters  which  constituted  the  initia]  centers 
of  infestation,  it  quickly  spread  to  adjoining  leaf  and  fruit  clusters 
and,  as  will  be  observed  later,  caused  considerable  damage  to  some 
trees.  One  feature  of  the  activities  of  the  species  in  this  orchard 
during  the  season  that  is  deserving  of  note,  was  its  rapid  multiplication 
on  trees  where  there  were  only  sUght  evidences  of  its  presence  earlier 
in  the  season.  This  largely  occurred  on  the  checks,  and  it  is  believed 
that  the  infestation  developed  from  stem-mothers  which  had  escaped 
detection  during  previous  observations,  as  there  was  no  evidence  of 
colonization  by  migrants  of  the  second  generation. 

Twenty  trees  in  the  sprayed  plats  and  fourteen  trees  in  the  check 
plat  were  closely  examined  during  July  with  respect  to  injuries  by 
the  rosy  aphis.    The  data  are  presented  in  Table  IV. 
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Plate  XXXI. —  Leat  and  Fruit  Clusters  or  Atple  Injured  bt  Plant  Lice. 

(1),  Curling  or  leaves  during  blossoming  period;  (2),  dirarfing 

of  fruit  by  rosy  aplua,  with  closing  of  c&lyces. 
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PiuiTB  XXXIV. —  CuRUNO  or  liEAVES  AND  Depou«tion  bt  Gbebn  Apfi*  Apbib. 
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Plate  XXXV.— Ttfb  of  Rome  Apple  Trkeb  in  Expekihental  Pi 


Diqilized  by  Google 


PiuiTii  XXXVI. —  Staob  of  Develofkent  of  BvDe  in 
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PWTE  XXXVIII.—  iNJUHIBfl  TO  FhUIT  BlOS  AND  WoOD  BY  SoDHTM  SULPHIDE 

Left,  Apple;  right,  peach,  sodium  sulphide  alone. 
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Ttfu  T.—  Smauxi  of  Bxpranams  ixunvr  Roar  ArmiM. 
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DIBCUaalON  OF  BB8DLTS. 

ObaervatioiiB  at  frequent  intervala  during  the  early  Bummer  could 
hardly  ful  to  leave  in  the  mind  of  the  observer  the  impreeeion  that 
all  of  the  treatments  had  brought  about  greatly  improved  conditions 
in  the  sprayed  plats.  However,  in  the  Interpretation  of  the  statis- 
tical data  as  regards  the  rosy  aphis,  the  test  has  one  defect  that  does 
not  appear  in  Experiment  I,  —  that  the  orchard  consists  of  many 
varieties  which  are  not  equally  distributed,  if  at  all,  among  the  differ- 
ent pists.  With  the  small  amount  of  knowledge  that  exists  as  to  the 
susceptibility  of  different  sorts  of  apples  to  aphides,  the  preliminary 
character  of  the  exfieriments  may  be  again  emphasized.  An  impor- 
tant phase  of  our  work  has  been  to  devise  satisfactory  methods  of 
conducting  experimental  operations  against  these  pests,  and  discrei>- 
ancies  and  errors  due  to  diff^^nces  in  varietal  susceptibility  wiU 
best  be  determined  by  repetition  of  the  experiments  under  varjTng 
conditions.  Most  conunercial  orchards  consist  of  several  varieties, 
and  none  of  our  leading  sorts  of  apples  are  immune  to  attack.  In 
this  particular  planting,  the  rosy  aphis  has  been  very  abundant  diuv 
ing  certun  years,  and  the  general  behavior  of  different  varieties 
to  the  pest  may  be  fairly  gauged  by  the  conditions  of  the  checks, 
among  which  there  is  not  a  variety  which  does  not  show  more  or 
less  iofeetation.  In  the  main  the  effects  of  spraying  in  this  orchard 
were  not  HiHaimilur  from  those  of  other  mmilar  operations  recorded  in 
the  boDBtiiL  Hm  results  so  summarised  are  r^;arded  as  indioatnng 
31 
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Goomderable  protection  by  the  various  treatments.  Leaving  out  of 
consideration  sodium  BulpMde  and  soap,  on  account  of  their  destruc- 
tive properties  when  used  as  a  combination  spray,  it  appears  that 
the  remaining  preparations,  when  allowance  is  made  for  experimental 
errors  and  differences  in  conditions,  do  not  differ  materially  in  effec- 
tiveness, although  somewhat  superior  results  nrt;  indicated  for 
nicotane  solution  and  soap.  For  some  reason  not  ulcarly  apparent 
the  carbolic-acid  emulsion  in  this  test  was  less  effective  than  nicotine 
solution  combined  with  either  soap  or  lime-sulphur.  In  other  tests 
the  differences  in  efficiency  were  not  so  large. 
TESTS  ON  YOUNG  APPLE  TREES  AGAINST  THE  GREEN  APPLE  APHIS. 

The  chief  objects  of  these  experiments  were  to  ascertain  the  effects 
on  the  green  apple  aphis  of  spraying  when  buds  are. opening,  and  the 
number  of  treatments  required  to  keep  this  species  under  control. 
The  orchard  in  which  the  operations  were  undertaken  comprises 
twdve  hundred  trees,  three  years  old  from  time  of  planting,  which 
were  aeedlinga  of  such  parents  as  Canada  Red,  Delicious,  Yellow 
Transparent  and  Mcintosh.  In  the  distribution  of  the  trees  into 
experimental  plats,  provision  was  also  made  for  tests  to  determine 
the  comparative  merits  of  lime-sulphur  and  nicotine  solution,  nicotine 
solution  and  soap,  and  nicotine  and  lime  as  aphidicides.  The  nico- 
tine solution  and  soap  were  used  in  the  proportions  recommended  by 
this  Station,  see  page  337.  The  plats  comprising  from  sixty  to  one 
hundred  twenty  trees  each  were  sprayed  as  follows: 

Plat  1,  check. 

Plat  2,  lime  sulphur,  32°  B.  (1-8)  and  nicotine  solution  on  April  19 
as  buds  were  breaking;  nicotine  solution  and  lime,  June  22. 

Plat  3,  lime-sulphur  and  nicotine  solution,  April  20;  nicotine  solu- 
tion and  soap  on  June  22,  July  10  and  August  2. 

Plat  4,  lime-eulphur  and  nicotine  solution,  April  20;  nicotine  solu- 
tion and  lime  on  June  22,  July  10  and  August  2. 

Plat  5,  lime-fiulpfaur  and  nicotine  solution,  April  20;  nicotine  solu- 
tion and  soap  on  June  22  and  August  2;  nicotine  solution 
and  lime  on  July  10. 

Plat  6,  lime-sulphur  and  nicotine  solution,  April  20;  nicotine  solu- 
tion and  soap  on  June  22;  nicotine  solution  and  lime  on 
July  10  and  Ai^pist  2. 

Plat  7,  check. 
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results  of  sfratino  on  apbis. 

As  previously  noted,  the  green  apple  aphis  began  to  hatch  in  this 
planting  about  April  16  and,  as  shown  by  the  condition  of  the  plats 
receiving  the  early  spraying  with  lime-sulphur  and  nicotine  solution, 
few  if  any  insects  emerged  from  eggs  after  April  20.  On  May  4 
the  first  of  the  stem-mothers  to  mature  began  to  give  birth  to  ofispring. 
Winged  forms  of  this,  the  second  generation,  appeared  on  May  15, 
and  thereafter  alate  forms  were  always  present  on  the  checks  from 
which  they  spread  to  other  plats  in  the  plantir^.  As  will  be  observed 
the  habit  of  this  species  in  breeding  on  apples  the  entire  season  and 
the  constant  appearance  of  winged  forma  with  the  maturing  of  the 
second  generation  necessitated  several  applications  of  spraying 
mixtures  in  order  to  keep  the  trees  practically  free  of  the  insects. 

At  the  time  of  spraying  on  April  20  the  buds  generally  were  well 
infested,  principally  by  the  green  apple  aphis,  with  which  were 
interspersed  considerable  numbers  of  the  oat  aphis.  The  trees 
receiving  this  treatment  were  quite  free  of  the  insects  until  June 
22,  which  date  concluded  the  period  when  protection  was  afforded 
to  the  trees  by  the  "bud"  spraying.  It  is  also  desirable  to  note 
that  the  colonies  of  rosy  aphis  that  existed  in  this  planting  of  young 
^ples  were  confined  solely  to  the  checks.  At  this  date,  June  22, 
all  of  the  plats  except  the  checks  received  a  second  application. 
Notwithstanding  the  almost  complete  destruction  of  the  creatures 
at  the  time  of  treatment,  the  continuous  breeding  of  pomi  and  con- 
stant appearance  of  migrating  winged  forms  eventually  resulted  in 
a  considerable  reinfestation  of  the  sprayed  plats.  For  this  reason  it 
was  necessary  to  respray  the  trees  on  July  10  and  agwn  on  August 
2.  As  a  result  of  spraying  at  the  different  intervals  as  indicated, 
the  foliage,  for  the  most  part,  of  the  trees  in  the  treated  plats  other 
than  Plat  II,  sustained  no  important  damage  by  the  insects.  There 
was  little'  evidence  of  discoloration  or  curlii^  of  the  leaves  so 
characteristic  of  a  prolonged  attack  by  the  green  apple  aphis,  and 
the  growth  of  the  trees  as  to  extent  and  vigor  seemed  in  every  respect 
quite  normal. 

In  oomparisoQ  with  the  sprayed  trees  the  checks  were  never 
during  the  entire  growing  season  free  from  infestation  by  consid- 
erable numbers  of  the  insects.  However,  until  about  July  10,  the 
^ihides,  in  apite  of  thar  numbers,  caused  very  little  injuTy.  Up 
to  this  tithe  the  insects  showed  a  marked  preference  for  the  tips 
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of  the  succulent  ehoota.  The  lower  leaves  were  not  subject  to 
infeatation  for  a  lengthy  period  and  therefore  showed  little  evidence 
of  pennanent  injury.  Such  aa  there  was  consisted  apparently  of 
little  more  than  a  alight  incurvii^  of  the  margins  of  the  leaves. 
During  the  latter  part  of  July  and  August  when  the  production 
of  new  growth  was  less  rapid  the  effects  of  accumulated  injuries 
became  increasingly  apparent.  The  foliage  of  the  badly-iofesied 
shoots  showed  curled  and  distorted  leaves,  which  were  discolored 
and  smutty  as  a  result  of  honey  dew  and  the  sooty  fungus.  Later, 
there  was  more  or  less  browning  of  the  leaves,  followed  by  a  slight 
defoliation.  Occasdonally  there  were  examples  of  more  extreme 
forms  of  injuries  as  dwarfing  or  killing  of  the  tips  of  the  new  growth, 
which  in  some  instances  were  extensive  enough  to  destroy  the 
symmetry  as  well  as  to  cause  stunting  of  the  treee. 

As  to  the  comparative  insecticidal  properties  of  the  various  apray- 
ing  mixtures  there  was  very  little  difference  in  effectivenecB.  Nico* 
tine  and  soap  possess  superior  spreading  and  wetting  properties 
and  always  showed  an  increased  rate  of  toxicity  over  the  other 
pre;>arations.  The  destructive  action  of  lime-sulphur  and  nicotine 
solution  or  lime  and  nicotine  solution  was  appreciably  dower  but 
generally  the  final  reeults  on  the  pests  were  very  satisfactory. 

LUCE  AS  AN  APHtDICIDB. 

One  result  of  the  comparative  tests  of  the  foregoing  insecticides 
that  deserves  more  specific  mention  is  the  value  of  lime  or  white- 
wash in  protect!!^  foli^e  from  plant  lice  and  leaf-hoppers.  Such 
contact  insecticides  as  soap,  oil  emulsions  or  nicotine  solutions, 
excellent  as  they  are  as  aphidicides,  are  in  one  respect  very  defident 
agunst  such  a  pest  as  the  green  apple  aphis — their  toxicity  ceases 
as  soon  as  the  spraying  mixture  dries  on  the  foliage.  Failure  to 
destroy  all  of  the  insects  or  invasion  of  the  planting  by  winged 
forms  frequently  results  in  a  reinfestation,  when  repetition  of  the 
treatment  becomes  necessary.  The  extreme  need  of  more  lasting 
properties  led  to  experiments  with  lime  in  combination  with  nicotine 
solution.  With  this  mixture  immediate  results  were  obtuned  as 
usual  by  the  nicotine,  while,  in  addition,  the  lime,  through  the 
heavy  coating  of  the  foliage,  was  found  to  be  very  repellent  to  the 
insects.  In  the  plats  as  described,  the  trees  receiving  this  treatment 
showed  tiuoughout  the  entire  summer  a  degree  of  freedom  fnun 
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aphides  and  a  vigor  of  growth  that  waa  hardly  equalled  by  ai^ 
treated  with  other  inaecticides.  The  leaves  that  had  their  undei^ 
Burfacea  thoroughly  coated  with  the  whitewash  were  not  only  largely 
exempt  from  attack  by  plant  lice  but  they  were  also  quite  immune 
from  such  species  of  leaf-hoppers  as  the  apple  leaf-hopper  {Empoaaea 
maU)  or  the  rose  teai-hopper  (Typhlocyba  rosce).  In  pear  orchards 
ramilar  results  were  obtained  against  the  pear  psylla.  Directions 
for  UEong  lime  as  an  aphidicide  are  withheld,  pendii^  experiments 
to  determine  its  ranges  of  usefulness  for  this  purpose,  and  the  condi- 
tions under  which  it  miay  be  satisfactorily  employed. 

AtrXIUARY  EXPERIMENTS  DCEING  191S. 
Through  the  coiu*te8y  of  Commissioner  Charles  S.  Wilson  the 
auxiliary  experiments  for  this  year  were  conducted  largely  under 
the  personal  direction  of  Mr,  L.  F,  Strickland,  Inspector  of  the 
State  Bureau  of  Horticulture  for  Niagara  County,  and  Mr.  A.  B. 
Buchbolz,  Horticultural  Inspector  for  Orleans  County.  The  princi- 
pal details  of  these  tests  are  briefly  summarized  as  follows: 

IXPBBIMBNTS  IN  NIAGARA  COUNTT. 
Te»t  I.  Orcfuvd  ofE.  S,  Giford,  Gasport.—ln  this  planting  twenty- 
two  trees  of  the  variety  Greenii^,  about  sixty  years  old,  were  reserved 
for  the  test.  On  April  22,  as  the  buds  were  green  at  the  tips  and  in 
some  instances  the  ends  of  the  young  leaves  were  breaking  out, 
the  trees  were  sprayed  with  lime-eulphur  in  combination  with 
nicotine  solution  (Black  Leaf  40)  in  the  usual  proportions.  All 
three  species  of  the  aphides  were  present  on  the  trees,  and  the  buds 
showing  green  tissues  in  the  more  advanced  stages  of  growth  harbored 
in  some  instances  as  hi^  as  twenty-five  to  eighty  of  the  newly- 
hatched  nymphs.  The  greater  part  of  the  infestation  was  in  the 
upper  branches,  but  a  small  percentage  of  the  creatures  was  on  the 
lower  fruit  spurs.  The  oat  aphis  and  green  aphis  were  the  most 
abimdant  species,  and  only  occasionally  was  a  specimen  of  the  rosy 
aptus  observed.  In  order  to  insure  thorou^  treatment  the  trees 
were  drenched  with  three  hundred  thirty  gallons  of  the  sprayii^ 
mixture,  which  makes  an  average  of  fifteen  gallons  of  the  liquid 
to  the  tree. 

Ad  esamination  of  the  plat  on  May  12  showed  only  scattering 
numbers  of  the  three  species  of  plant  lice  on  the  sprayed  trees,  while 
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4 
neighboring  unsprayed  trees  were  badly  Infested  with  the  oat  aphis, 
which  had  developed  to  considerable  numbers  since  the  time  when 
the  test  was  begun.  Varying  numbers  of  the  green  aphis  and  rosy 
aphis,  though  usually  not  large  in  extent,  were  detected  on  the 
checks.  On  June  5  there  was  an  apparent  improvement  in  the 
conditions  of  the  unsprayed  trees  on  account  of  the  new  growth  and 
the  migration  of  the  oat  aphis  to  ite  summer  hosts.  The  rosy  aphis 
was  slightly  more  conspicuous  than  before  and  was  curhng  some 
leaves  on  all  of  the  trees,  but  at  this  date  there  were  more  affected 
leaves  and  larger  numbers  of  the  insects  on  the  cheek  trees.  This 
insect  increased  in  numbers  during  succeeding  days,  and  on  July 
17  an  examination  of  the  sprayed  plat  showed  one  tree  entirely  free 
from  infestation  and  twenty-one  trees  with  varying  numbers  of 
affected  fruit  and  leaf  clusters,  which  in  the  main  were  few  when 
considered  on  the  basis  of  the  great  size  of  the  trees  in  this  orchard 
and  the  conditions  of  the  checks  with  respect  to  injuries  by  the 
rosy  aphis. 

Test  2.  (kchard  of  C.  D.  Tabor,  Wilson. — In  this  planting  forty- 
three  trees  of  the  variety  Baldwin,  about  thirty-five  years  old,  were 
sprayed  on  April  23  with  lime-sulphur  and  nicotine  solution  (Black 
Leaf  40)  in  the  proportions  commonly  recommended.  To  this  plat 
two  hundred  eighty  gallons  of  the  spraying  mixture  were  applied, 
making  an  average  of  six  and  one-half  gallons  of  the  liquid  to  each 
tree.  At  the  time  of  treatment  the  young  aphides,  especially  of 
oxentB  were  abundant  on  the  green  tips  of  the  opening  buds.  Green 
aphis  occurred  in  sparse  numbers.  The  rosy  aphis  was  not  detected 
at  this  time  notwithstanding  the  species  caused  serious  damage 
during  the  preceding  year.  On  May  21  the  sprayed  plat  was  en- 
tirely free  of  all  three  species  of  aphides,  while  the  checks  showed 
only  occasional  colonies  of  the  oat  aphis.  On  July  10  the  conditions 
of  sprayed  plats  remained  unchanged,  while  a  few  colonies  of  the 
rosy  aphis  were  detected  on  some  of  the  checks.  These  trees,  how- 
ever, were  generally  free  of  the  insects  during  the  entire  season  and 
at  the  conclusion  of  the  test  no  appreciable  differences  between 
treated  and  untreated  trees  could  be  detected. 

Test  S.  Orchard  of  B.  S.  Harwood,  Appldon. — This  experiment 
was  conducted  in  a  plat  of  thirty-six  Greenings,  which  were  fifty 
years  of  age  and  of  unusual  hdght,  besides  showing  great  horizontal 
growth  of  the  lower  limbs.    The  orchard  is  carefully  sprayed  each 
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year  and  has  been  well  managed  in  all  respects.  It  has  the  reputa- 
tion of  producing  annually  large  yields  of  fruit.  Owing  to  the 
height  of  the  trees  special  towers  have  been  constructed  for  the 
spraying  machines  so  that  the  tops  of  the  trees  may  receive  thorough 
treatment.  The  appUcations  of  lime-sulphur  and  Black  Leaf  40 
were  given  oa  April  22  and  23,  at  which  time  the  buds  were  green 
at  the  ends,  and  in  the  protected  portions  some  of  the  young  leaves 
had  actually  b^un  to  separate.  The  buds  were  thickly  covered 
with  newly-batched  lice,  principally  the  oat  aphis,  and  scattering 
numbers  of  the  rosy  aphis.  Apparently  t^  green  aphis  was  not 
present  on  the  trees.  In  spraying,  the  trees  were  thoroughly  wetted 
with  tile  mixture,  which  was  applied  at  the  rate  of  fourteen  gallons 
per  tree.  On  May  15  a  few  specimens  of  the  oat  aphis  and  rosy 
aphis  were  observed  in  the  treated  plat,  while  on  the  checks  the 
insects,  especially  the  oat  aphis,  were  abundant.  On  May  21 
the  differences  between  the  two  lots  of  trees  were  more  marked. 
Scattering  numbers  of  both  species  were  on  the  treated  trees.  Occa- 
sional clusters  of  fruits  showed  evidences  of  injury,  while  the  checks 
revealed  greater  numbers  of  the  insects  and  con^derably  more 
clusters  of  deformed  apples.  On  July  16  there  was  a  greater  contrast 
in  the  conditions  of  the  trees  owing  to  the  fact  that  many  of  the 
affected  leaves  on  the  checks  were  turning  yellow  or  were  blackened 
by  the  sooty  fungus,  cau^ng  portions  of  the  trees  to  present  a  sickly 
appearance.  For  the  most  part  the  sprayed  trees  showed  relatively 
little  curling  of  the  leaves  and  the  foliage  had  a  vigorous,  healthy 
appearance.  In  order  that  there  might  be  more  det^ed  knowledge 
r^arding  the  effects  of  the  spraying,  counts  were  made  of  the 
affected  leaf  and  fruit  clusters  of  all  the  trees  in  the  sprayed  plat 
and  two  representative  trees  of  the  check  plat.  The  data  are  pre- 
sented in  fable  VI. 

Teti  4.  Orchard  of  F.L.  Backus,  OlcoU. — This  test  was  conducted 
in  a  plat  of  thirty-two  Greening  trees,  which  are  about  tv  aity-six 
years  old.  The  orchard  of  which  the  experimental  plat  is  a  part 
has  been  carefully  managed  and  the  trees,  from  their  size,  have  the 
appearance  of  being  considerably  older  tiian  they  really  are.  The 
spraying  was  made  on  April  21,  using  Ume-eulphur  and  Black  Leaf 
40  at  the  rate  of  twelve  gallons  per  tree.  At  this  tims  the  buds 
were  well  advanced,  most  of  them  being  quite  compact,  althouf^ 
they  showed  green  tissues  at  tiie  tips.    Occasional  buds  showed  a 
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separation  of  the  tape  of  th«  young  leavee  but  none  were  sufficiently 
opened  to  afford  protection  to  the  insects.  The  infestation  of  buds 
in  this  orchard  was  greater  than  in  any  other  of  the  experimental 
plats  this  season  in  this  county.  The  insects  were  laigely  oat 
aphides,  among  which  were  scattering  numbers  of  the  rosy  aphis. 
The  green  apple  aphis  was  not  detected. 

As  will  be  observed,  some  of  the  trees  that  were  sprayed  did  not 
set  fruit,  while  the  two  checks  in  both  cases  produced  goodly  numbers 
of  apples.  On  May  21  the  latter  showed  considerably  greater 
infestation  than  any  of  the  treated  trees.  On  July  10  there  was 
more  or  less  curliug  of  leaves  on  the  sprayed  trees,  but  the  foliage 
was  generally  of  good  color  and  presented  a  healthy  appearance. 
The  checks  at  this  date  flowed  decidedly  inferior  conditions  as  the 
larger  numbers  of  leaves  that  were  infested  were  now  either  dis- 
colored by  sooty  fui^^  or  becoming  brownish,  which  caused  the 
trees  to  appear  sickly.  Besides,  there  was  more  stunted  fruit,  and 
the  clusters  of  smaJl,  deformed  apples  were  visible  in  all  portions  of 
the  trees.  Because  of  the  contrast  in  the  conditions  of  the  two 
lots  of  trees,  close  examination  was  made  of  each  tree  and  all  centers 
of  infestation  noted.    The  data  as  tabulated  are  given  in  Table  VII. 

EXPERDCENTS  IN  ORLEANS  COUNTT. 

Teat  6.  Orchard  of  H.  H.  Freeman,  Kent. — ^There  was  set  apart 
in  this  orchard  a  block  of  seventy-two  Greening  trees,  averaging 
30  to  35  years  of  age,  of  which  three  trees  were  reserved  as  checks. 
The  orchard  had  ijeen  in  aod  for  a  number  of  years  until  the  spring 
of  1915,  when  clean  cultivation  was  adopted.  The  trees  were  well 
pruned  and  put  into  excellent  condition  for  spraying,  in  which 
respects  they  had  heretofore  been  neglected. 

The  aphides  were  very  abundant  on  the  trees  and  the  opening 
buds  were  thickly  covered  with  the  creatures,  which  could  be  found 
on  ahnost  every  blossom  bud.  The  oat  aphis  especially  and  the 
green  aphis  were  the  most  numerous,  although  the  rosy  aphis  was 
pretty  well  scattered  over  the  trees.  The  oat  aphis  had  evidently 
hatched  several  days  before  the  date  of  treatment  as  shown  by 
individualB  of  this  species  in  the  second  stage. 

The  experimental  plat  was  sprayed  on  April  22  at  which  time 
the  buds  were  well  advanced  and  many  of  the  leaves  of  the  tenmnal 
buds  were  b^sinning  to  separate.    Those,  however,  in  tiie  more  ad- 
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vanced  stages  of  growth  were  still  compact  and  were  not  sufficiently 
opened  to  afford  protection  to  the  young  aphides.  Lime-sulphur 
and  Black  Leaf  40  at  recommended  strengths  was  applied  as  a 
coarae,  drenching  spray,  using  the  material  at  the  rate  of  ten  gallons 
per  tree. 

On  April  28  it  was  Quite  difficult  to  find  aphides  of  either  ^>ecies 
on  the  sprayed  trees.  No  individuals  of  the  oat  aphis  were  ob- 
served, but  they  were  abundant  on  the  checks.  Scatterii^  indi- 
viduals of  the  roey  aphis  occurred  in  the  treated  plat,  while  on  the 
checks  they  were  fairly  numerous.  On  May  20  occasional  colonies 
of  rosy  aph^  were  noted  on  the  sprayed  trees,  while  the  checks  were 
becoming  quite  seriously  infested.  As  on  the  previous  date,  the 
sprayed  plat  was  entirely  free  of  the  oat  aphis.  Quite  similar  condi- 
tions prevailed  on  June  16,  at  which  time  comparatively  few  of 
the  leaves  of  the  treated  trees  showed  evidences  of  infestation, 
and  the  foliage  was  dense  ,and  of  a  healthy  appearance.  On  the 
contrary  the  checks  revealed  considerable  numbers  of  curled  leaves. 
Unfortunately,  very  few  fruits  set  on  any  of  the  trees  but,  as  it 
was,  the  untreated  trees  showed  a  lai^r  number  of  "  cluster  "  apples. 
By  July  14  the  rosy  aphis  had  enthely  disappeared,  at  which  time 
the  work  of  the  aphides  on  the  check  trees  was  plainly  manifested 
by  the  discolored  leaves,  which  were  then  dropping.  An  exami- 
nation was  made  of  each  tree  in  the  experimental  plat,  and  the  data 
as  collected  are  tabulated  in  Table  VIII. 

Teet  6.  Orchard  of  John  Larwood,  Albion.  —  There  was  chosen 
for  this  test  a  block  of  fifty-e^t  Baldwin  apple  trees  averaging 
from  35-40  years  of  age.  The  orchard  to  which  they  belong  is  regu- 
larly sprayed  and  tilled.  Until  the  present  season  no  special  treat- 
ment has  been  made  to  combat  the  different  aphides  that  attacked 
tiie  fruit  and  foliage,  notwithstanding  important  losses  have  been 
occasioDed  by  these  pests.  On  April  22  when  the  spraying  opera- 
tions commenced,  the  buds,  though  showing  green  tissues  at  the  ends, 
were  for  the  most  part  still  compact.  Occasionally  the  terminal  buds 
were  somewhat  more  advanced,  and  showed  tips  of  leaves.  Owing 
to  a  warm  rain  and  high  temperatures  the  trees  made  a  rapid  growth 
and  by  the  following  day  many  buds  showed  yoimg  leaves  that  were 
yitH  apart  at  the  tips.  Plant  bee  were  present  in  large  numbers  on 
the  majority  of  the  trees,  and  these  belonged  chiefly  to  the  green 
apple  aphis  and  the  oat  aphis.     The  spray  was  a  combination  of 
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lime-«u^uT,  aiaenate  of  lead  and  Black  Leaf  40,  which  were  used  at 
standard  streogtha.  The  mixture  was  applied  as  a  coarse,  driving 
tpray  at  the  rate  of  ten  gallons  to  a  tree. 

On  April  24  it  waa  difficult  to  find  hve  aphides  on  the  sprayed  trees, 
and  dead  individuals,  ranging  as  high  as  ten  specimens  to  a  bud, 
could  be  observed  with  little  difficulty.  On  May  20  the  sprayed  plat 
was  quite  free  of  infestation  by  the  insects  and  that  which  occurred 
consisted  of  occasional  leaf  clusters  occupied  by  the  oat  aphis.  One 
Bin^  branch  only  was  infested  with  the  rosy  aphis.  No  specimens 
of  the  green  aphis  were  detected.  On  the  other  hand,  the  checks 
harbored  considerable  numbers  of  the  oat  aphis,  and  while  not 
numeroua,  the  rosy  aphis  was  more  conspicuous  than  on  the  sprayed 
trees.  At  the  time  of  the  final  examination  on  June  16  the  treated 
plat  showed  only  an  occasional  injured  duster,  and  while  the  condi- 
tions in  iioB  respect  were  better  than  with  the  checks,  the  differences 
in  the  two  lots  of  trees  were  not  marked. 

Test  7.  Orchard  of  John  Beckwith,  LyndotmUe. —  There  was  re- 
served in  tJiis  planting  a  block  of  fifty  large  Greenings,  about  forty 
years  old.  The  careful  attention  given  to  this  orchard  seems  to  have 
made  the  trees  increasingly  susceptible  to  ro^  aphis  in  spite  of  special 
treatments  to  control  the  pest.  On  April  21,  when  the  test  waa 
begun,  the  buds  were  well  advanced,  showing  generally  green  tissues 
at  the  ends.  WhUe  in  some  instances  the  tips  of  young  leaves  had 
separated,  lime-sulphur,  with  Black  Leaf  40,  was  applied  at  the  rate 
ot  twenty-two  gallons  per  tree.  At  the  time  of  spraying,  the  buds 
wa%  well  infested  with  aphides,  varying  from  fifteen  to  fifty  of  the 
insects  on  the  buds  in  the  most  advanced  stages  of  growth.  The 
oftt  iy>his  and  tiie  green  apple  aphis  were  most  abundant,  and  sub- 
sequent events  showed  that  the  rosy  aphis  must  also  have  been  quite 
{dentiful.  As  it  was  not  deemed  desirable  to  leave  untreated  trees  in 
this  orchard,  a  plat  of  Greenings  across  a  lane  was  left  unsprayed 
to  serve  as  check. 

On  May  28  the  unsprayed  trees  were  abundantly  infested  with 
all  three  species  of  aphides  while  the  sprayed  trees  were  quite  free  of 
the  insects,  showing  only  scattering  colonies  of  the  oat  aphis  and 
tlie  rosy  aphis.  By  June  16,  great  differences  developed  between 
the  sprayed  block  and  the  adjacent  unsprayed  Greenings.  The  con- 
trast was  due  to  the  relatively  larger  number  of  small,  deformed 
apples  on  the  untreated  trees  and  the  sickly  appearance  of  the 
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affected  leaf  cluBters,  many  of  the  leaves  of  which  were  turning 
yellow  and  dropping. 

Test  8.  Orchard  of  H.  B.  Gibson,  Albion. —  Twenty-three  trees 
were  reserved  for  the  test  in  this  orehard.  These  were  Greenii^, 
about  thirty-seven  years  old,  which,  with  the  remainder  of  the  plant- 
ing, have  received  systematic  attention  with  respect  to  cultivatioD, 
spraying,  etc.  No  efforts  have  in  the  past  been  made  to  control 
plant  lice,  which  during  some  years  have  caused  considerable  damage 
to  fruit  yields.  The  spraying  was  not  attempted  until  April  24, 
when  the  development  of  the  buds  was  more  pronounced  than  in 
any  other  of  the  experimental  plantings.  Many  of  the  outer  leaves 
of  the  buds  had  separated  at  the  ends  and  had  grown  to  considerable 
size.  On  the  whole,  the  aphides  were  not  abundant,  although  they 
were  well  distributed  among  the  different  trees,  ranging  generally 
from  one  to  ten  of  the  creatures  to  a  bud.  Most  of  them  belonged 
to  the  oat  aphis,  but  intermixed  with  these  there  were  scattering 
numbers  of  the  rosy  aphis.  The  spraying  mixture  consisted  of  lime- 
sulphur,  arsenate  of  lead  and  Black  Leaf  40  in  combination,  which 
was  applied  at  the  rate  of  nine  gallons  per  tree. 

During  the  period  of  April  28  to  May  4  the  insects  were  not  nu- 
merous on  any  of  the  trees,  irrespective  of  the  treatment  they  had 
received.  By  May  20  occasional  colonies  of  rosy  aphis  were  observed 
on  the  sprayed  trees,  while  the  checks  showed  evidences  of  consider- 
able infestation.  When  the  final  examination  was  made  on  July  15 
there  was  no  appreciable  evidence  of  injury  to  the  foliage  of  the  treated 
plat,  while  the  checks  showed  extensive  ^curling  of  the  leaves,  some 
of  which  were  turning  yellow  or  brownish  and  dropping.  Conditions 
of  the  trees  with  respect  to  fruit  injuries  by  the  rosy  aphis  are  indi- 
cated in  the  accompanying  table. 

Test  9.  Orchard  of  G.  E.  Snyder,  AQnon. —  This  planting  has  sus- 
tained great  losses  from  the  rosy  aphis,  and  the  attacks  have  been 
most  severe  in  a  block  of  Greenings  with  some  Holland  Pippins  used  in 
this  experiment.  The  trees  are  about  35-40  years  of  age.  The  spray- 
ing was  done  on  April  22,  at  which  time  the  buds  were  well  advanced 
and  tips  of  youi^  leaves  were  beginning  to  separate.  The  oat  aphis 
and  the  green  apple  aphis  were  well  distributed  among  the  buds,  and 
while  not  as  numerous  as  the  foregoing  species,  the  rosy  aphis  was 
fairly  abundant  on  the  lower  areas  of  the  trees.  In  general  ^e 
infestation  of  the  buds  by  the  different  aphides  was  l^hter  than  in 
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tiie  other  experiments.  The  spraying  mixture  conraBted  of  lim&- 
Bulphur,  arsenate  of  lead  and  Black  Leaf  40  in  the  usual  proportions, 
and  was  applied  as  a  miBt>like  spray  at  the  rate  of  14  1-2  gallons 
per  tree. 

On  April  28,  as  the  blossom  buds  were  showing  pink,  it  was  difficult 
to  find  aphides  on  rither  the  sprayed  or  imsprayed  trees.  By  JA&y 
19  the  insects  were  more  conspicuous  and  both  the  oat  aphis  and  the 
rosy  aphis  were  quite  plentiful  on  the  checks,  while  ecatterii^  num- 
bers of  the  latter  Bpeciee  were  observed  on  the  treated  trees.  On 
June  16  the  infestation  waa  light  in  hotii  cases,  and  while  there  was 
not  any  material  damage  there  were  however  fewer  evidences  of 
affected  leaf  and  fruit  clusters  on  the  sprayed  plat  than  on  the  check 
trees.  Conditions  umilar  to  the  forgoing  existed  until  July  16, 
the  date  of  the  last  examination,  except  that  the  checks  showed 
more  browning  and  dropping  of  leaves,  which  were,  however,  unim- 
portant in  extent. 

Test  10.  Orchard  of  Lynn  Burrows,  AUnon. —  This  test  was  made 
in  a  planting  of  one  hundred  trees  of  Wealthy,  interplanted  with 
Duchess.  The  trees  are  twelve  years  old  and  are,  becaiise  of  the 
careful  attention  they  have  received,  large  for  their  age.  For  the 
past  seven  ot  tight  years  aphides  have  been  very  abundant  and  have 
checked  the  growth  of  some  of  the  trees.  Spraying  was  done  on  April 
23  v/Hh  lime-sulphur,  arsenate  of  lead  and  Black  Leaf  40  in  the  usual 
propcn*tions,  udng  two  gallons  of  the  mixture  per  tree.  The  buds 
were  green  at  the  ends  and  generally  infested  with  plant  lice,  the  oat 
aphis  being  the  most  numerous  of  the  three  species. 

On  April  28  few  Uce  could  be  found  on  the  sprayed  block,  while  the 
checks  showed  much  greater  infestation.  An  examination  on  May 
19  found  the  treated  trees  quite  free  of  the  insects,  while  the  checlffl 
were  generally  infested  with  aphides,  among  which  were  scattering 
numbers  of  the  rosy  aphis.  Similar  conditions  prevailed  as  late  as 
July  14,  when  the  sprayed  plat  was  still  in  an  excellent  state  of  health. 

DISCUSSION  OF  EE8ULT8  OF  AUXILIABT  EXPERIMENTB. 
The  rosy  aphis  was  not  generally  injurious  in  most  of  the  apple 
orchards  in  Niagara  and  Orleans  counties.  As  was,  however,  the 
^cperience  of  individual  growers,  the  insect  was  quite  abundant  in  a 
number  of  the  orchards  under  experiment.  In  two  of  the  auxiliary  tests 
the  rosy  aphis  was  of  no  importance,  while  in  the  remuning  plant- 
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mga,  og^t  in  number,  the  pest  caused  more  or  lees  damage.  Hie  trees 
which  were  sprayed  as  the  buds  were  expanding  showed,  on  the  whole, 
^preciable  benefits  from  the  treatments.  While  in  all  of  the  ^- 
pmmente  there  were  slight  infestations  on  many  of  the  sprayed  trees, 
the  injuries  by  the  insects  were  scattered  and  there  were  no  impor- 
tant losses  in  fruit  yields.  The  general  conditions  of  the  trees  fol- 
lowing the  spraying  were,  as  compared  with  the  appearancee  of  the 
checks,  excellmt. 

METHOD  OF  TREATMENT. 

F0BMULA8  FOR   SPHAYINO    SOXTIJBEB. 
FotuntLA  I,  Nicotine  Solution. 

mcotme  Bolntion  40  per  ct 1  pt. 

W«tar lOOgtUi. 

Soap StoSlfas. 

FowMVUi.  2,  EiRoaiNB  Ehuuioh. 

Ecraeoie 2  pb. 

nah-oil  eo^i im. 

Soft  watCT 1  gal. 

Directions  for  making  kerosene  emulsion  are  as  follows: 
Dissolve  the  soap,  which  has  been  finely  divided,  in  one  gallon 
boiling  water.  Remove  the  vessel  from  the  stove  and  add  the  oil. 
Then  agitate  the  mixture  violently  for  from  three  to  five  minutes  by 
pumping  into  itself  under  high  pressure  until  a  creamy  mass  is 
formed,  from  which  the  oil  does  not  separate.  Fruit  growers  are 
advised  not  to  employ  an  emulsion  which  shows  a  separation  of  the 
<m1  as  application  of  such  preparations  may  cause  injuries  to  the 
trees.  This  is  used  with  success  by  some  growers  for  summer  spray- 
ing against  the  lice  at  a  dilution  of  one  gallon  of  the  emul^on  to 
eight  g^ons  of  water. 


FoRMuu  3,  Fish  Oil  Soap. 


FUiMlBoqt. . 
Water 


To  prepare  for  use,  slice  the  soap  and  dissolve  in  boiling  water. 
Soap  varies  greatly  in  its  wat^  content,  and  before  undertaking 
esctensive  operations  the  grower  should  make  a  preliminary  test  to 
determine  the  amount  of  material  required  to  make  an  efGcient 
spt»y,  jui^i^  by  the  effects  of  the  dilution  on  insects  and  foliage. 
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FoBKDiA  i,  Carbouc  Aom  Eicuuidm. 

Fish-on  MMw 15  lb*. 

Carbolic  acid  (oruda) 1  pL 

Water 100  galg. 

Dissolve  the  soap  in  a  small  quantity  of  water.  Add  the  carbolic 
acid  in  small  quantities  at  a  time,  stirring  vigorously. 

COUBINATIONS  OF  SPRAYING  UATEBUIfi. 

Many  pests  <rf  fruit  trees  pursue  their  injurious  activities  at 
mmilar  periods  of  time  and  some  of  them  are  jointly  susceptible  to 
a  single  application  of  an  insecticide  or  to  a  combination  of  spraying 
materials.  As  the  expense  of  insecticides  is  usually  much  less  than 
the  cost  of  labor  and  team,  it  is  desirable  from  the  standpoint  of 
economy  and  time  to  reduce  the  number  of  applications  to  the 
minimum.  One  means  to  this  end  is  to  employ  combination  mix- 
tures or,  as  they  are  popularly  called,  "two  in  one"  or  "three  in 
one  "  sprays,  according  to  the  number  and  nature  of  constituents 
contained  in  them. 

From  the  standpoint  of  safety  to  expanding  buds  and  leaf  tissues, 
and  effectiveness  E^alnst  insects,  the  most  satisfactory  combination 
is  three-fourths  of  a  pint  of  nicotine  solution  (40  per  ct.)  to  one  hun- 
dred gallons  of  lime-sulphur  solution  at  winter  strength  for  bud  treat- 
ment or  to  one  hundred  gallons  of  lime-sulphur  at  summer  strength 
with  arsenate  of  lead  for  foliage  applications.  While  this  combina- 
tion lacks  somewhat  the  spreading  properties  of  soap  mixtures,  oil 
emulsions  or  nicotine  solution  with  soap,  this  deficiency  is  probably 
more  than  compensated  by  the  saving  in  labor  in  avoiding  an  extra 
application  and  by  the  thoroughness  of  spraying  in  the  bud  treat- 
ment when  lime-sulphur  is  directed  also  agtunst  the  San  Jo64  scale. 
Drenching  of  the  trees  with  this  combination  as  the  buds  are  breaking 
may  injure  the  tips  of  the  unfolding  leaves.  However,  the  damage 
is  usually  inconsequential  and  should  cause  no  apprehension. 

DIRECnONS  FOB  SPRAYING. 

On  the  basis  of  the  experiments  conducted  by  this  Station  the  most 
promising  means  of  combating  the  lice  is  a  thorough  spraying  of  tlie 
trees  at  the  time  when  the  insects  are  assembled  on  the  ends  of  the 
buds  showing  green  and  while  the  buds  are  compact  and  the  tips  of  tits 
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unfolding  leaves  are  barely  ahowing.  (See  Plate  VI.)  As  the  creatures 
tiiat  appear  on  the -opening  buds  are  the  prc^enitoiB  of  many  broods 
that  are  to  follov,  and  constitute  the  first  and  only  forms  that  infest 
leaf  and  fruit  clusters  at  this  period,  special  efforts  should  be  made  to 
aUow  as  few  as  possible  of  these  insects  to  escape  this  treatment. 
To  this  end  apply  the  spraying  mixture  in  liberal  quantities  and 
under  high  pressures,  using  nozzles  with  ratiier  coarse  apertures  and 
endeavOTing  to  wet  all  of  the  buds  thoroi^ltly. 

TIMING  OP  SPBATINQ  OPBBATIONB. 

It  is  common  knowledge  that  varieties  differ  as  to  the  time  of  open- 
ing of  buds,  and  that  trees  of  the  same  variety  may  show  retarded  or 
accelerated  growth,  according  to  ihe  conditions  of  their  environment. 
For  these  reasons  the  grower  needs  to  take  into  consideration  the 
stages  of  growth  of  the  different  varieties,  waiting  until  the  lice  are 
massed  on  the  opening  buds  and  keepii^  in  mind  the  importance 
of  killing  the  insecte  before  they  obUun  protcc^n  in  fuzzy,  unfolding 
leaves  of  the  opening  buds. 

LATER  APPLICATIONB. 

The  grower  should  endeavor  to  combat  tbe  peste  by  the  foregoing 
measures  and  thus  avoid,  if  possible,  the  necessity  of  later  sprayings. 
If  bud  treatment  has  been  omitted  ot  this  apidication  has  not 
given  entirely  satisfactory  results,  one  should  spray  wit^  one  of  the 
forgoing  mixtures  as  soon  as  the  aphides  are  detected  in  numbers, 
endeavoring  by  high  pressures  to  reach  as  many  of  the  creatures  as 
possible.  Since  curling  of  the  leaves  and  production  of  the  second 
generation  begin  at  the  time  of  blossoming  it  appears  from  experi- 
ments to  date  that  the  supplementary  treatment  should  be  made 
before  blossoming  preferably  or  soon  after  the  petals  drop.  There 
are  serious  objections  to  spraying  during  late  May  or  early  June  be- 
cause of  the  dftnger  of  early  injuries  tp  fruit  and  leaf  clusters  and  t^ 
difficulty  of  reaching  the  lice  in  the  curled  leaves,  which  becomes 
greater  as  the  infestation  increases.  The  protection  gained  by  this 
sprajdi^  will  afford  some  measure  of  rcJief  and  perhaps  tide  the  trees 
over  a  critical  period. 
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THE  CABBAGE   MAGGOT:    ITS  BIOLOGY  AND 
CONTROL.* 


W,  J.  SCHOENE-j- 

SUMMARY. 

The  cabbage  maggot  {Phorbia  braaaicee  Bouch£)  has  been  knowo 
in  America  and  in  northern  Europe  for  more  than  ei^ty  years. 
During  diifi  long  period  it  has  been  regarded  as  the  most  hnportant 
injurious  pest  of  such  cruciferous  vegetables  as  cabbage,  radish, 
cauliflower  and  turnip.  The  insect  is  widely  distributed  and  erer 
present,  but  it  resembles  certain  native  species  in  tiiat  the  damage 
it  causes  fluctuates  from  year  to  year.  Some  seasons  entire  crops 
are  destroyed,  while  at  other  times  the  insects  are  difficult  to  find 
and  are  of  little  importance. 

Hie  insect  in  America  is  an  introduced  species.  It  has  been  rer 
ported  many  times  as  injurious  in  Norway,  Sweden,  Denmark, 
Holland  and  tiie  British  Islands,  but  the  species  seems  not  to  have 
attracted  attention  in  France  or  Italy.  In  Nordi  America  flie  cab- 
bage ma^ot  ranks  as  an  important  insect  in  Canada  and  the  north- 
em  tier  of  states  of  flie  United  States,  but  has  only  occasionally  been 
reported  in  sections  further  south.  The  cabbage  maggot  is  a  north- 
em  insect  and,  like  its  host,  attains  maTimiim  development  in  a 
cool,  moist  climate.  Serious  injury  has  rarely  been  reported  soufli 
of  latitude  45°  in  Nortii  America  and  latitude  40°  in  Europe. 

The  known  host  plants  of  ttiis  insect  in  North  America  have 
been  naturalized  from  Europe.  It  is  supposed  that  the  maggots 
were  introduced  at  an  early  date  by  turnips  used  on  ships  or  by  the 
importation  of  infested  roots  for  food.  It  is  even  more  likely  that 
the  pupa  stage  (rf  the  insect  was  in^rarted  by  the  use  as  ship  ballast 
of  soil  that  contained  puporia.  The  latter  assumption  is  made 
because  a  number  of  cruciferous  weeds  have  evidently  been  hnported 
by  the  same  means. 

•  A  raprint  of  Bulletin  No.  419,  March.  1916. 

t  Formerly  Associate  Entomologist  of  this  Station;  dow  Entomologist  of  the  Viisini& 

■Station  and  Virginia  State  EntomoIogiBt. 
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The  white  egg,  i.i  nun.  loagi  marked  with  longitudinal  furrows, 
is  deposited  on  or  near  succulent  cruciferous  plants.  Three  to  Ave 
days  later  the  larva  appears  and  attacks  the  sound  tissue  of  the 
root  or  that  part  of  the  plant  devoid  of  chlorophyl.  Eighteen  to 
twenty  days  are  required  for  the  larva  to  mature.  It  has  an  average 
lengtti  of  about  7  nun.  When  mature  the  larva  enters  the  soil  to 
pupate.  The  pupal  stage  may  last  from  twelve  to  eighteen  days, 
or  nuy  be  prolonged  for  an  indefinite  period  of  several  montiis. 
Tlie  females  begin  to  oviposit  soon  after  emerging,  probably  within 
ibiee  to  five  days.    Adults  may  live  for  five  or  si2  weeks. 

The  insect  hibernates  in  the  pupa  stage.  The  over-wintering 
pupse  finish  their  development  in  tiie  spring  and  the  adults  begin 
to  emei|[e  about  the  time  the  Windsor  cherry  blossoms.  The  flies 
continue  to  emerge  over  a  period  of  four  or  five  weeks,  and  tliose 
that  appear  in  the  spring  are  largely  the  adults  of  the  fall  brood  of 
larva,  thou^^  a  few  ori^nate  from  the  first  and  second  broods  of 
lame  of  tiie  previous  summer. 

When  conditions  ore  favorable  there  are  at  least  three  broods 
and  perhaps  a  partial  fourth  brood.  However,  the  summer  tem- 
peratures that  frequently  occur  during  July  and  August  in  western 
New  York  are  unfavorable  to  Qie  normal  development  of  the  insect, 
and  seem  to  cause  a  retardation  which  may  last  until  the  weather 
becomes  cool.  Hi^  temperatures  affect  the  insect  both  directly 
and  indirectly.  The  roots  of  cabbage  and  other  cruciferous  plants 
become  tough  and  woody  at  the  appearance  of  hot  weather,  so  that 
the  larvas  grow  very  slowly.  Also,  it  appears  that  the  weather  may 
direcfly  influence  the  pupal  stage  and  that  this  period  may  be 
lengthened  or  shortened  so  that  the  insect  may  be  one-,  two-  or 
three-brooded.  This  situation  has  heen  interpreted  in  flie  same 
way  as  that  outlined  by  various  writers  for  the  Hessian  fly,  which  is, 
namely,  that  high  temperature  or  severe  drought  causes  a  retardation 
of  the  developing  larvEe  and  pupie.  It  is  probable  that  the  optimum 
tenqierature  for  tiie  development  of  the  pupse  is  around  80°  F.  for 
tiie  average  maaimiun  temperature  and  55°  for  the  minimum. 

The  cabbage  maggot  derives  its  reputation  as  on  injurious  insect 
largely  from  its  attacks  ia  the  spring  of  the  year  on  cabbage  seedlings, 
radishes  and  early  cabbage.  The  activities  of  fbe  insect  during 
the  autumn,  i^en  feeding  upon  turnips  and  sprouted  cabbage, 
have  been  largely  overlooked.    Our  studies  shoW  tiiat  the  presence 
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bodi  in  spring  and  fall  of  large  acreages  of  succulent  cruciferous 
roots  is  a  condition  necessary  for  the  cabbage  maggot  to  occur  in 
gieat  numbers. 

The  insect  has  a  number  of  natural  enemies,  some  of  width  have 
a  wide  distribution  in  North  America  and  have  probably  been  im- 
ported in  soil  used  as  ship  ballast.  The  priiuipal  enemies  are  cer- 
tain st^thylinids  of  the  genus  Aleochara,  a  cynipid  parasite, 
Fteudoeueoila  giUettei,  and  perhaps  several  species  of  mites  of 
tiie  genus  Trombidium, 

The  cabbage  thaggot  is  amenable  to  treatment.  Cabbage  grow- 
ers have  been  able  to  secure  cabbage  seedlings  free  from  mjuiy  at 
a  very  small  cost  by  the  use  of  cheesecloth  screens.  Truck  gar- 
deners have  been  successful  hi  preventhig  serious  losses  to  their 
fields  of  ear^  cabbage  by  employing  tar-paper  disks.  The  removal 
of  all  crop  remnants  when  the  cruciferous  crops  are  harvested  and 
tiie  destruction  of  cruciferous  weeds  will  lessen  ttie  numbers  of 
the  insect  in  any  commuoily. 

INTRODUCTION. 
The  root-inhabiting  maggots  that  afTect  cruciferouB  crops  have 
for  more  than  eighty  years  ranked  as  injurious  inaecte  in  those 
sections  of  the  northern  states  and  Canada  and  northern  Europe 
devoted  to  the  culture  of  cabbage  and  related  crops.  The  insects 
are  ever  present  and  widely  distributed  but  the  injuries  vary  in 
different  localities  and  from  year  to  year.  Some  communities 
sufFer  more  than  others,  the  attacks  being  lx)th  more  frequent  and 
more  severe.  During  the  periods  when  the  insects  axe  present  in 
unusual  numbers,  crops  are  often  largely  if  not  entirely  destroyed. 
Because  of  these  injuries  some  gardeners  have  abandoned  the  grow- 
ing of  radishes,  except  perliaps  the  very  earliest  varieties.  Also, 
to  secure  a  satisfactory  stand  of  early  cabbage  two  or  three  times  as 
many  plants  are  set  as  are  needed,  and  even  then  the  toU  required  by 
the  insects  is  such  tiiat  the  crop  is  often  a  failure.  For,  in  addition 
to  the  death  of  some  of  the  plants,  there  is,  beddes,  a  certain  amount 
of  root  injury  ttiat  dwarfs  and  retards  the  reminder  of  the  crop. 
Growers  of  late  cabbage  in  some  locaUties  have,  in  years  when  the 
insect  was  numerous,  been  unable  to  grow  sufficient  seedlings  on  their 
own  premises  to  set  the  desired  acreage.     Under  such  circumstances 
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fanners  are  forced  to  plant  fewer  acres  than  intended  or  to  meet  the 
deficiency  they  are  compelled  to  purchase  plants  which  are  frequently 
only  obtainable  from  other  states.  This  practice  not  only  adds  to  the 
cost  of  production  but  increases  the  danger  from  introduced  pests. 

This  bulletin  is  a  report  on  observations  covering  the  active  period 
of  tlie  insect  for  eight  seasons,  the  effects  of  weather  and  of  different 
crops  on  their  numbers,  and  the  susceptibility  of  the  fly  to  certain 
control  measures.  The  present  investigation  was  initiated  in  1906 
and  has  been  continued,  with  interruptions,  until  the  autumn  of  1913. 
The  control  work  during  the  early  part  of  the  study  was  directed 
majnly  to  perfecting  the  method  of  growing  cabbage  seedlii^  under 
cheesecloth,  for  the  protection  of  young  plants  in  districts  devot«d 
to  the  cultivation  of  late  varieties  of  cabbage.^  More  recently  the 
various  remedies  applicable  to  the  protection  of  truck  crops  were 
investigated  *  and  a  brief  announcement  *  was  made  regarding  some 
points  in  the  life  history  of  the  pest.  This  buUetin  gives  the  progress 
of  the  investigation  up  to  the  present  time. 

HISTORICAL  NOTES  AND  SYNONYMY. 

HABITS  AND  GENERAL   CHAKACTGRS  OP  THE  ANTHOMYTOA. 

The  Anthomyidee  (Anthos  flower  and  muia  fly)  have  been  so  named 
from  their  habit  of  frequenting  flowers  of  various  plants,  conspicuous 
among  which  are  the  UmbeUifero!  and  ComptmUs.  They  are  small 
to  moderately  large  flies,  often  resembling  the  coimnon  house  fly,  and 
usually  are  non-metallic  in  color.  The  group  is  closely  allied  to  the 
typical  species  of  the  family  Muscids  from  which  it  was  separated 
by  Meigen  in  1838.  The  Anthomyidte  are  characterized  by  having 
the  first  posterior  cell  of  the  wing  broadly  open,  the  squanue  usually 
of  considerable  size,  and  the  eyes  of  the  male  contiguous.  In  the 
larval  stage  the  great  majority  of  the  species  are  vegetable  feeders, 
either  in  living  or  decaying  material.  According  to  Williston*  the 
larvffi  of  species  of  such  genera  as  Spilogasta-,  Hydrotoea,  Hylemyia 
and  Ccenosia  have  been  found  in  dung  or  manure;  those  of  Hydro- 
taa,  Opkyra,  ArUkmnyia,  Homtdomyia  and  others  in  decaying  vege- 
table material;  those  of  Hylem^a,  ArUkomyia,  Homalomyia  in  the 

» N.  Y.  E»p.  Ste.  BuIb.  301  and  334 

>  N.  Y.  Exp.  Sta.  Eul.  3S2. 

*Jour.  Bam.  Enl.  4:210-216,  1911. 

*  iraiiatoa,  S.  W.     MbouaI  <rf  Ntnlh  Ammicaii  Diptsa,  p.  333,  190&. 
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neete  of  Torious  bymenoptera,  while  the  larvs  el  variouB  speraeo  of 
Phorbia  (Pegomyia)  feed  upon  the  sound  roots  of  oaione,  radishes 
and  related  crops. 

SYNONYMY. 

The  adult  of  the  cabbage  maggot  was  described  as  braasiaB  by 
Bouch4'  in  1833  and  again  more  fully  in  1834  and  placed  in  the 
genus  AnUiomyia.  Meigen*  bad  described  the  species  in  1S26  under 
the  name  of  Anthamyia  fioralia  Fallen.  Thus  Meigen's  descriptioii 
antedates  that  of  Bouch^'s  braasicoB  several  years,  but  as  fioralis 
is  occupied  in  the  same  genus  by  fioralis  Fallen,  BouchS's  name  has 
been  accepted. 

The  insect  was  again  described  by  Macquart'  in  1835  under  the 
name  Chortophila  fioceosa.  Zetterstedt*  gave  a  description  of  iiie 
fly  under  the  name  of  Aricia  flcralis  Meig.  non  Fallen.  In  1835 
Harris  '  named  the  insect  which  he  had  reared  from  ma^^ots  workiag 
in  radishes  as  Anlhomyia  raphani  and  published  a  description  in 
1841,  Curtis'  in  1843  determined  the  larvte  he  found  in  cabbage 
roots  as  Anthomyia  radicum  L.  Schiner,'  in  1862,  examined  a  Zet- 
terstedt  specimen  of  Aricia  fioralia  Meig.  non  Fallen  and  placed  it 
in  the  genus  Anthomyia.  Fitch,*  although  unable  to  separate  the 
flies  bred  from  different  sources,  treated  them  separately  and  retained 
the  names  raphani  for  the  species  infesting  radish  and  brasmeoe  for 
the  one  attacking  cabbage. 

For  many  years  the  insect  was  recorded  in  literature  under  several 
names  without  much  question  as  to  the  identity  of  the  species. 
But  in  1883  Meade*  stated  in  his  description  of  fioceosa  Macq.  that 
it  was  probably  a  synonym  of  the  fioralia  of  Fallen  and  Meigen. 
In  1888  Stein'"  records  fioceosa  Macq.  as  common  in  Saxony  and 
also  says  it  is  synonymous  with  fioralis  Fall.;  but  in  1S92  after  an 


I  NatuTgeach.  d.  Gftrten-Insektea,  p.  131,  1S33.     Sams  1834,  p.  73. 

■  Syst,  BsBchr.,  V:  1S5,  1836. 

*Hist.  Nat.  Dipt.,  11:328,  1835. 

*Dipt.  Scand.,  I V,  1536. 

■Hutu,  T.  W.     Cat.  Animals  oT  Man.,  p.  80,  1835. 

Hairis,  T.  W.     Ins.  Id],  to  V^trtAtion,  p.  404,  1841. 
•/«»■.  Boy.  Agr.  Soe.  of  Bng.,  4:127-131. 

Curtb,  John.     Farm  Inaecto,  p.  141,  I860. 
'Fauna.  Aiwtr.,  1:646. 

•  F!toh,  Aao,  11th  N.  Y.  Rent.,  pp.  fi»4I  and  pp.  4(M3. 

•  R.  H.  Heado.    BnL  Mo.  Mag-  19:214, 1883.  f 
"  ConnD  Agr.  Eip.  Sts.,  Bol.  78,  p.  578,  ISH. 
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eisminatiffli  of  type  specimens  concludes  that  .^oralis  Fall,  is  distinct 
from  floecoaa  Macq.  This  situation  was  interpreted  by  Slingerland 
to  mean  that  floccosa  Macq.  was  synonymous  with  the  Jhralia  of 
Meigen  but  not  with  the  original  types  used  by  Fallen. .  The  probl^n 
of  identity  was  further  simplified  when  both  Meade  and  Stein,  in 
reply  to  Slingerland,  stated  that  braasioB  Bouch^  and  fioecosa  Mao- 
quart  were  synonymous. 

The  cabbage  maggot  was  for  a  long  time  known  in  Eiurope  as 
Phorbia  fior<dia  and  by  systematic  writers  as  floceosa,  although  a 
few  writers  recc^nized  the  name  hraasias.  In  this  country  the 
species  found  on  cabbage  was  commonly  r^arded  as  hrassiea,  and 
those  attacking  turnips  and  radishes  as  radicum  and  raphani.  Econo- 
mic  workers  in  America  noticed  the  similarity  of  the  insects  from 
these  different  sources  and  Fitch,  Lintner,  Cook  and  Fletcher  alt 
questioned  the  prev^ling  notions  as  to  the  distinction  of  the  species; 
but  to  Slingerland  is  due  the  credit  of  clearing  up  the  synonymy. 
By  examination  of  type  specimens  and  the  literature  of  tJie  species, 
he  concluded  that  brassier  and  raphani  were  synonymous  and  that 
radicum  *  does  not  occur  in  this  country. 

Stein,'  in  his  revision  of  the  Anthomyids,  placed  braaeiefB  in  the 
genus  Chortophila,  which  name  has  been  adopted  by  many  econonuc 
writers  in  Europe.  In  the  United  States,  broBsiciB  has  been  asmgned 
by  entomologiBts  generally  to  either  Phorbia  or  Pegomyia  (P^jomya), 
but  mnce  Phorbia  is  synonymous  with  Chortophila  and  has  liie 
merit  of  priority,  we  have,  at  the  suggestion  of  Aldrich,'  discussed 
the  species  under  the  appellation  of  Phorbia  brasmcae. 


ECONOMIC  IMPORTANCE. 
The  insect  has  been  known  on  the  Continent  of  Europe  since  it 
was  described  by  Bouch^  *  in  1S33.  There  are  a  few  accounts  of 
injury  by  the  species  in  Germany,  Switzerland  and  the  Netherlands, 
but  it  has  recaved  most  attention  by  the  economic  writers  of  Norway 
and  Sweden  and  of  Finland.  In  1899  Sven  Lampa  *  reported  that 
fourteen  acres  of  turnips  near  Orbyhus  in  Uppland  (Sweden),  were 

'  Knoe  the  publication  of  SUngerUnd's  account,  radieimt  has  been  rqKwted  by 
Tariona  nritai  to  occur  in  the  United  Btates. 
■Bon and  Stdn,  Katalog  der  Palftarktdsohen  Diptermi,  3:710, 1907. 
'  Letter  from  Dr.  J.  M.  Aldrich,  dated  Ftb.  28,  1916. 
*Bouch#,  P.  F.,  NaturKCsch.  d.  Garten-Insekten  p.  74,  18S4. 
■UmMataer  Fiaktiek  Eotomobgi,  pp.  47-19,  IS96. 
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practically  destroyed.  Schoyen '  of  Chriatiana,  Norway,  has  men- 
tioned the  injury  of  tiie  insect  in  a  number  of  his  umual  reports, 
particularly  those  of  1899,  1900,  1902  and  1904.  Iteuter  *  of  Hel- 
singfors,  Finland,  has  referred  to  the  destructive  work  of  the  insect 
almost  every  year  during  the  period  of  1897  to  1909.  In  1897* 
he  records  injury  to  rape  in  the  Island  of  Gotland,  that  amounted  to 
many  thousands  of  dollars.  He  states  that  rape  is  not  grown  in 
Finland  but  that  the  insects  attack  other  plants  and  that  they  are 
very  detrimental  to  the  seed-growing  industry.  One  of  Renter's 
correspondents.  Dr.  Grotenfelt  *  of  Mustiala,  reports  serious  injury 
to  youi^  cabbage  plants.  He  noticed  Hmt  the  destruction  was 
greatest  on  light  or  sandy  soil.  Renter  *  received  reports  in  1900 
of  injury  to  cabbage  and  cauliflower  in  the  vicinity  of  Esbo,  and 
states  that  in  1904  ■  the  insect  attracted  less  attention  than  in  pre- 
vious years. 

'  In  England  the  species  has  long  been  regarded  as  of  much  import 
tance.  According  to  Slingerland  ^  the  insect  was  mentioned  by 
Major  in  1829  as  the  cauliflower  fly.  Curtis  stated  in  1841  that  it 
often  destroyed  whole  fields  of  cabbage.  The  insect  is  discussed 
many  times  by  Miss  Ormerod  *  in  her  amiual  reports,  and  more 
recently  by  Whitehead  and  Theobald.'  Jud^g  by  their  accounts 
and  that  of  Carpenter '°  of  Ireland,  the  insect  probably  occurs  in  the 
British  Islands  wherever  these  vegetables  are  extensively  grown. 

The  entomological  literature  of  the  Dominion  of  Canada  is  espe- 
cially rich  in  references  to  this  species.  Fletcher  has  mentioned  the 
insect  in  his  annual  reports  almost  every  year  from  1885  to  1906  and 
more  recently  it  has  been  a  subject  for  discussion  by  Bethune  and 
Hewitt.  As  early  as  1885  Fletcher  "  reportsserious  injury  in  all  parts 
of  Canada,  from  Nova  Scotia  to  Vancouver  Island.  Mr.  R.  Brodie'* 
of  Montreal,  one  of  Fletcher's  correspondents,  says,  "The  cabbage 

I  Beretomg  om  SkadeiiiBekta'  og  PlAUtesygdoiniiieii. 
'  8kBd.  Upp.  i  I^nland,  1897-1909. 

*  Skad.  Upp.  i  Finlaod,  p.  51, 1897. 

*  Skad.  Upp.  i  Finland,  p.  36,  1899. 
'  Skad.  Upp.  i  Finland,  p.  39,  1900. 

*  Skad.  Upp.  i  Finland,  p.  5,  I60i. 

'  ConieU  &cp.  Sta.  BuL  78,  p.  482,  1894. 

'  Onueiod,  E.  A.,  Rept.,  p.  8,  1881;  p.  10,  1832;  p.  146, 1893. 

*Eoani>nuc  ZotAogj,  lot  It«pt.,  p.  34;  2nd  Sept.,  p.  67. 

'■>/mir.  Dipt.  Agr.,  3:109,  1902. 

"  Rcftt.  Sxp.  Farms,  Ottawa,  p.  6,  1885. 

■<  S«pt.  Eitp.  Farms,  Ottawa,  p.  23,  1887. 
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maggot  has  been  very  deBtructive  to  our  cabbages  and  cauliflowers 
in  this  neighborhood  these  past  few  yean,  but  especially  last  season. 
In  1885  I  planted  two  acres  of  early  cabbage  and  lost  about  half  of 
them  by  the  maggots."  Mr.  Lang  of  Barrie,  Ontario,  makes  a  umilar 
complaint.  In  his  report  for  1890  Fletcher '  says  the  insect  was 
particularly  injurious  during  that  season,  and  during  the  following 
year  records  it  as  the  most  destructive  species.  In  1898  outbreaks 
are  mentioned  near  Olds,  Alberta,  and  along  the  St.  lAwrence  in  1^ 
Province  of  Quebec.  He  further  states  that "  root  m^gots  did  much 
barm  throughout  the  season".  In  1900'  the  insects  were  unusu- 
ally scarce  at  Nappan,  Nova  Scotia,  but  at  other  points  in  Nova  Sco- 
tia, New  Brunswick  and  Prince  Edward  Island  they  were  very  de- 
structive. In  his  report  for  the  same  year  *  it  is  stated  that,  "The 
root  ma^ots  caused  great  havoc  in  many  places  among  cauliflowers 
and  early  cabbages."  P.  B.  Gr^son*  in  1901  mentions  injury  from 
the  mad^ots  that  occurred  at  many  points  in  Alberta,  particularly 
at  Edmonton,  while  Fletcher'  in  his  report  states  that  they  were 
decidedly  more  abundant  than  usual  in  some  places  in  western 
As^iboia  and  around  Calgaiy,  in  Alberta,  and  also  on  the  coast  ot 
British  Columbia.  The  latter  ^;ain  stated  in  1903,'  "The  cabbage 
or  radish  maggot  did  much  injury  to  turnips  as  well  as  cabbage  and 
cauliflowers  in  gardens.  It  was,  however,  irregular  in  its  occurrence, 
doing  much  harm  in  one  place,  while  in  another  very  close  to  it,  it 
hardly  appeared  at  all."  The  insect  was  mentioned  by  Blair ' 
in  1904  and  by  Fletcher  ^  in  1905.  This  latter  report  is  especially 
interesting.  "The  onion  and  cabbage  maggots  which  for  the  last 
few  years  have  been  so  excessively  destructive,  during  the  past 
season  were  hardly  noticeable  in  many  locidities  where  in  previous 
years  they  had  made  a  clean  sweep  of  almost  everything."  The 
following  season  he  states  that  they  had  been  less  destructive  than 
has  been  the  case  for  some  years.  Bethime  •  reported  in  1906  a 
serious  infestation  at  Markdale,  Ontario.    The  insect  was  reported 

'  Rept.  Exp.  Farm*,  Ottawa,  pp.  161-IS5,  1890. 
» Hepi.  Exp.  FarmB,  Ottawa,  p.  238,  1900. 
>3lBt  Ann.  Rept.  Eat.  8oc.  of  Ont.,  p.  70,  1900. 
<  32nd  Ann.  Rept.  Ent.  Soc.  of  Ont.,  p.  119,  1901. 
>  R«pt  Exp.  Farna,  Ottawa,  p.  230,  1901. 
'  34th  Ann.  Rept.  of  Ent.  Soc.  Ont.,  p.  65,  1903. 
'  Kept.  Exp.  FarmB  Ottawa,  p.  362,  1904. 
•seth  Ann.  Rept.  Eot.  Soc.  Oot.,  p.  SO,  1905. 
*37th  Ann.  R^it.  Ent  Soc.  Oot.,  p.  40, 1900. 
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again  by  Hewitt*  as  injuriouB  during  1910  and  1911.  In  the  for- 
mer report  lie  says,  "  From  year  to  year  the  attacks  of  these  insects 
appear  to  assume  greater  proportions." 

The  insect  was  first  recorded  In  Massachusetts  in  1835  by  Dr. 
Harris*  and  ance  has  been  frequently  reported  as  occurnng  in 
destructive  numbers.  In  the  trucking  regions  near  Bostcm  it  has 
been  very  difficult  in  some  seasons  to  grow  early  cabbage.  Packard  > 
mentions,  in  his  report  for  1877,  that  he  had  known  the  insect  in 
Maine  more  tiian  twenty  years.  It  is  again  listed  by  Miss  Patch  * 
in  1907.  Weed  *  describee  a  serious  outbreak  in  New  Hampshire 
as  follows;  "  During  the  season  of  1903  there  was  a  very  extra- 
ordinary attack  throughout  New  England  of  the  various  root 
m^^ts  of  the  genus  Anthomyia.  Cabbages,  cauliflowers  and  onions 
w««  infested  to  an  extent  that  completely  mined  the  crop  for 
hundreds  of  growera."  Waugh  *  mentions  the  occurrence  of  the  pest 
in  Vermont  in  1897  and  says  that  the  insect  had  been  known  ten 
years  before.  Brittou  ^  mentions  a  case  of  serious  injury  to  three 
acres  (A  cabbage  in  Orange  coimty,  Conn.,  in  May,  1895.  In 
describing  the  injury  by  cabbage  and  onion  maggots  Smith '  of 
New  Jersey  says  that  these  plants  are  more  or  less  damaged  every 
year.  "  The  injury  may  not  be  equally  severe  two  sucoesrave  • 
years  ...  or  there  may  be  a  series  of  bad  seasons.  During  the  past 
few  years,  however,  the  injury  has  been  serious  in  many  sections  of 
the  State,  the  loss  on  one  farm  alone  in  Cumberland  county  amount- 
ing, in  1906,  to  $1,000  or  over,  while  in  many  other  places  from 
one-half  to  one-fourth  of  the  crop  was  destroyed."  The  insect  is 
evidently  of  much  importance  in  Minnesota,  for  Washburn  *  in  his 
Dipters  of  Minnesota  remarks,  "  The  larvs  of  this  fiy  caused  a  loss 
of  thousands  of  dollars  to  market  gardeners  in  this  state  alone." 

The  insect  has  been  known  in  New  York  State  for  many  years. 
Its  injuries  are  especially  noticeable  in  the  trucking  regions  about 
the  large  cities  and  in  locahties  that  are  devoted  to  the  production 

>  Kept.  Bip.  Faims,  Ottawa,  p.  229, 1910;  p.  239, 1911 
'  C»t  of  AnimalB  and  Plants  o(  Mam.,  p.  80,  1836 
■  U.  S.  Geological  Survey  H«pt.  tor  1877,  p.  762 

*  Maine  Exp.  Sta.,  Bui.  148,  p.  282. 

*  N.  H.  Ejip.  Sta.,  Bui.  115,  p.  174. 

•Vt  E*p.  Sta.  Rept.,  pp.  116-9,  1896-1897 
'Conn.  St.  Exp.  Sta.  Eept.  1895,  p.  207 

*  N.  J.  Exp.  Hta.  Bui.  200,  pp.  3-27. 
*MIim.  E^.  Stft.  Bui.,  93,  p,  122. 
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of  l&te  cabbage.  In  some  commimities  the  gardeners  have  found 
that  it  does  not  pay  to  grow  radishee,  except  some  tiarly  varietiea. 
Eariy  cabbage,  cauMower,  and  seedlings  grown  for  late  cabbage 
are  also  very  susceptible.  The  insect  is  a  constant  source  of  annoy- 
ance to  persons  desiring  to  grow  these  vegetables  in  kitchen  gardens 
as  well  as  a  great  handicap  to  the  market  gardener  and  cabbage 


In  conduoon,  the  insect  varies  in  numbers  from  year  to  year, 
much  the  same  as  many  native  pests.  There  are  often  periods 
covering  several  seasons  when  the  injuries  are  marked,  which  may 
be  fc^wed  by  a  number  of  years  durii^  which  the  insects  are  difficult 
to  find  or  the  numbers  are  so  small  as  to  be  unimportant.  Not  only 
do  the  injuries  vary  during  a  period  of  years,  but  frequently  damages 
l^  the  peat  are  unequally  distributed  in  the  same  community. 

DISTRIBUTION. 

As  indicated  in  the  previous  chapter,  the  insect  is  widely  dis- 
tributed throughout  the  British  Isles  and  sorthem  Europe,  including 
^le  Scandinavian  peninsula,  Holland,  Switzeriand,  Germany  and 
Austria.  It  apparency  has  not  attracted  atfenti<Hi  in  France  and 
Italy.  Chittenden  *  gives,  as  the  distribution  in  North  America, 
Canada  and  the  northern  tier  of  states  in  the  United  States.  The 
insect  is  also  known  to  be  injurious  in  Pemuiylvania,  Ohio  uid 
northern  Illinois.  It  has  been  reported  in  Msjyland,  Virginia, 
Mississippi,  Florida,  South  Carolina,  Georgia,  Alabama  and  Colorado. 

An  examination  of  the  map  shows  that  injurious  outbreaks  of  this 
insect  have  not  been  reported  south  of  parallel  40°  N.  in  North 
America,  nor  south  of  parallel  50°  in  Europe. 

HOST  PLANTS  OF  INSECT. 
"Die  cultivated  plants,  cabbage,  cauliflower  {Braaaica  oleraeea), 
radish  {Raphanua  sativus),  turnip  {Braasica  rapa),  rutabaga  or 
swedes  {Braasica  campestna),  and  stock  {Maiihiola)  are  mentioned 
by  Slingerland  as  food  plants  listed  in  European  hterature.  The 
two  mustard-like  weeds,  coomion  winter  cress  (JBarbarea  mlgaris) 
and  the  hedge  mustard  {Sisyrnbrium  officinale)  are  also  recorded  as 
susceptible  to  attack.    In  our  work  we  have  found  maggots  attacking 

>CfaitMnd«D,  F.  H.,  Inaeeta  Injurioiu  to  V^etafalea,  p.  132,  1907. 
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all  oruoiferous  crops  cultivated  in  the  region  about  Geneva  as  well  aa 
wild  mustard.  In  the  early  summer  the  larvs  have  often  been 
collected  from  the  roots  of  wild  or  hedge  mustard,  which  occurs  in 
great  abundance  in  this  r^on  while  on  Long  Island  the  creatures 
have  been  observed  in  the  roota  of  white  mustard  {Bratnea  alba, 
Plate  XLIII,  fig.  2).  Shepherd's  puise  iCapseUa  buraa-jMeUms) 
and  winter  cress,  both  very  common  weeds  in  this  area  of  the  State, 
have  appeared  so  far  to  be  immune  to  attacks  by  the  insect. 

ORIGIN. 

Slii^erland '  states,  "  LUie  its  food  plants,  this  insect  is  doubtless 
of  European  or^in."  Then  after  ^ving  a  full  account  of  the  early 
history  of  the  insect  in  North  America,  he  concludes,  "  Thus  the 
pest  was  introduced  into  this  country  from  Europe  early  in  the 
present  century,  perhaps  first  appeaiii^  in  Massachusetts,  from 
whence  it  gradually  spread  north,  west,  and  south  into  the  neighbor- 
ing states."  Slii^riand  seems  to  have  arrived  at  the  conclusion 
that  the  insect  had  been  introduced  from  Europe,  because  its  food 
plants  were  of  European  origin,  and  that  the  insect  had  been  reported 
first  at  Boston  from  whence  it  spread  westward. 

It  has  been  more  than  twenty  years  since  this  statement  was 
made,  and  the  insect  has  not  yet  been  found  injurious  to  any  plant 
not  of  European  or  Asiatic  origin.  The  wild  cabbage,  Braesica 
oleracea  var.  syUie^ris,  which  is  looked  upon  as  the  prototype  of 
the  large  group  of  plants  to  which  the  term  cabbie  is  now  applied, 
can  be  found  growing  wild  on  the  western  shores  of  Europe  and  in 
England.  According  to  Britton  and  Brown '  the  various  weeds  of 
the  mustard  family  upon  which  the  insect  is  known  to  feed  and  many 
others  upon  which  the  insect  has  not  been  reported,  have  been 
naturalized  from  Europe.  Also  the  statement  is  made  that  many 
of  these  mustard-like  weeds  have  been  found  about  our  principal 
seaports  growing  in  soil  that  has  been  used  as  ballast.  The  sug- 
gestion is  that  the  transportation  of  earth  in  the  form  of  ballast  has 
been  the  means  of  introducing  the  seeds  of  certain  foreign  plants  into 
this  country.  The  danger  from  this  source  would  depend  upon  where 
the  soil  was  taken.    But  it  is  safe  to  conclude  that  if  the  seeds  of 

1  ComeU  Exp.  Sta.  Bui.  78,  p.  482,  18d4. 

'  Britton  and  Brown,  DluBtnted  Flora  of  the  NMthem  States  and  Caoadk,  2: 116, 
1897. 
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many  varieties  oi  mustards  ha've  been  imported  in  ballfist  as  Britton 
and  Brown  assert,  large  numbers  of  puparia  of  the  cabbage  maggot 
have  been  broi^t  to  our  shores  in  the  same  way. 

If  we  take  into  consideration  the  number  of  weeks  required  iar 
ships  to  cross  the  Atlantic  about  1830  it  would  not  seem  possible 
for  the  insect  to  have  been  been  brought  over  in  the  egg  or  adult 
stages.  Although  infested  turnips  used  for  food  on  the  ship-board 
mi^t  have  carried  larva,  the  probability  of  the  species  having  been 
transported  in  the  larval  stage  is  rather  remote.  On  the  other  hand 
if  ballast  were  taken  from  soil  at  almost  any  point  in  Holland,  Den- 
mark or  Sweden  in  which  these  mustard-like  weeds  were  growing,  it 
would  be  very  likely  to  contain  puparia  and  the  conditions  for  intro- 
ducing the  insect  would  be  ideal. 

BIOLOGY  OF  THE  INSECT. 

DESCRIPTIONS   OF  LIFE  STAGES. 

Egq. —  (Plate  XL,  fig.  1),)  The  chorion  is  white,  glistening  and 
marked  with  irregular  longitudinal  furrows.  The  e^  is  .34  nmi.  in 
diameter  and  1.1  nun.  loi^.  The  outer  end,  that  first  extruded  from 
tJie  oviimsitor,  is  bluntly  rounded,  while  the  oppoate  end  is  more 
conical  and  fiattened  at  the  apex.  Extending  along  the  dorsum 
&(Hn  this  flattened  area  is  a  depression  that  is  formed  by  two  sutures 
Teaching  about  two-thirds  the  lei^h  of  the  e^.  The  chorion  breaks 
al<H)g  these  sutures  when  the  larva  emerges. 

Lana,  First  instar. —  The  larva  is  .35  mm.  in  diameter  by  1.5  mm. 
IcHig.  It  is  cyhndrical  and  tapers  anteriorly.  The  tubercles  adorning 
the  caudal  segment  are  similar  to  those  later  described  for  the  other 
stages,  though  in  some  specimens  the  bifid  tubercle  appears  as  two 
tubercles.  There  are  no  anterior  spiracles  present,  which  differ- 
entiates this  from  the  later  st^es. 

Second  instar. —  The  size  varies  slightly,  but  the  individuals  aver- 
age about  .8  mm.  in  diameter  and  3.75  mm.  in  length.  The  anterior 
spiracular  process  contains  from  eight  to  twelve  divisions.  The 
postenra:  spiracular  process  has  only  two  slits  which  easily  dis- 
Unguish  this  from  the  third  instar. 

Third  instar. —  (Plate  XL,  fig.  2).  Ilie  size  varies  from  1  mm.  to 
2  mm.  in  diameter  and  from  2.5  to  8  mm.  in  length.  It  is  white, 
fleshy,  at  first  cylindrical  and  tapering  anteriorly,  but  toward  the 
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eod  ctf  the  feeding  period  the  middle  s^mentfi  become  much  en- 
larged. The  rear  of  the  caudal  segment  is  flat  or  slightly  concave 
and  obliquely  truncate.  This  s^ment  is  ornamented  with  seven 
pairs  of  fleshy  tubercles,  one  pair  of  which  protrudes  in  the  re^on  of 
the  anus,  the  others  are  arranged  on  or  near  the  rear  ma^^  of  the 
poeterior  s^ment.  The  two  pairs  of  tubercles  that  protrude  from 
the  lower  mar^n  are  the  most  conBpicuoiie,  both  because  of  their 
position  and  larger  mze.  Each  tubercle  of  the  central  piur  is  sl^tly 
notched,  so  that  it  ia  two-pointed.  This  character  distinguishes 
brassicos  from  other  species  found  about  cruciferous  plants.  The 
rear  spiracles,  which  are  extensionB  of  the  longitudin^  tracheal 
trunks,  protrude  from  the  center  of  the  flattened  area.  They  are 
yellow  in  color  and  sightly  knob-shaped,  and  each  contains  three 
slit-like  openings.  These  openings  are  guarded  by  irref;ular  d^i- 
dritic  processes.  In  the  head  r^on  a  pair  of  black,  opaque  hooks 
protrude  from  the  buccal  opening.  In  close  proximity  to  this 
opening  on  the  surface  of  the  cheek  are  two  pairs  of  tubercles.  The 
anterior  spiracular  processes  protrude  laterally  from  the  sutures  of 
the  first  and  second  anterior  segment.  This  process  is  fan-shaped 
and  contains  ten  to  fourteen  papilliform  tubules.  Before  the  trana- 
fonnation  of  the  larva  to  the  pupa  the  bifid  tubercles  mentioned 
above  shrink  in  aize  and  change  to  an  opaque  black.  This  change 
may  occur  ^ther  several  days  or  only  a  few  hours  before  pupation. 

Puparium. —  (Plate  XL,  tift.  4).  Elongate-ovate,  bluntly  rounded 
at  the  ends.  The  outer  protective  covering  of  the  pupa  is  formed 
by  the  hardening  and  contraction  of  the  integument  of  the  third 
instar,  and  contains  some  of  the  characteristic  structures  of  the  larva. 
The  two  pairs  of  posterior  tubercles,  one  pair  of  which  is  bifid,  and 
which  serve  to  distinguish  the  larva,  are  usually  evident,  though 
smaller  than  in  the  larva,  due  to  the  shrinking  and  hardening  of  the 
chitin.  The  anterior  spiracular  process  which  in  the  larva  pro- 
trudes poeterior  to  the  first  segment  is  located  at  the  anterior  end  of 
the  pupariiun.  The  lai^  individuals  measure  2.3  mm.  in  diameter 
by  6.6  mm.  long  and  the  small  specimens  1.05  mm.  in  diameter  by 
3.52  mm.  long.  These  are  the  measurements  of  the  puparia  of  the 
overfed  and  the  underfed  larvfe.  The  normal  individuals  measure 
about  2  mm.  by  5.5  mm. 

Adufl,  mote.— (Plate  XXXIX,  fig.  1).  Very  bristly,  color  generaUy 
dark  with  gray  markings.    The  ocnnpound  ^es  occupy  most  (rf  the 
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surface  of  the  bead  and  are  contiguous.  Face  Bilvery  gray.  Anteniue 
black,  and  three- jointed.  Basal  segment  small;  third  segment 
largest  and  bears  a  two-jointed  pubescent  bristle.  Thorax  ash 
gray  in  color  with  three  dbtinct  longitudinal  lines  on  dorsum. 
Squanue  lai^e.  The  bind  body  shining  dark  gray,  rather  small, 
ellipitical,  tapering  and  bluntly  rounded  at  the  apex  when  viewed 
from  above  and  slightly  clavate  as  seen  from  a  lateral  view.  Ab- 
domen ornamented  with  bristles  which  are  of  two  dzes.  The  large 
bristles  occur  in  rows  near  the  rear  margin  of  the  segments,  while 
ttie  others,  which  are  more  numerous,  are  irregularly  distributed. 
Wing  veins  brownish  and  second  posterior  cell  broadly  open.  Legs 
black  and  bristly,  with  a  tuft  of  short  bristles  at  the  base  of  the 
posterior  femur.  This  tuft  of  bristles  serves  to  separate  the  males 
of  this  species  from  males  of  closely  allied  forms. 

AduU,  female.—  (Plate  XXXIX,  fig.  2).  The  female  is  much 
hitter  in  color  than  the  male.  The  body  and  legs  are  ash  gray  with 
a  tii^e  of  brown.  Eyes  dichoptic.  Dorsum  of  thorax  striped  as  in 
the  male,  but  less  distinct.  Abdomen  slightly  top-shaped,  conical 
toward  the  apex,  and  less  bristled  than  the  male.  The  tuft  of  bristles 
at  the  base  of  the  [>osterior  femur,  which  serves  to  distinguish  the 
male,  is  absent  in  the  female. 

The  adults  average  about  6  mm.  in  length,  though  they  vary 
to  the  same  degree  as  the  puparia. 

LIFE  HISTORY  AND  HABITS. 

DUHATION  OF  LABVAL  PERIOD. 

Until  recently,  data  bearing  on  the  length  of  the  larval  period 
have  been  meager.  Bouch^  stated  that  the  larval  stage  lasts  three 
to  four  weeks,  and  a  number  of  later  writers  have  expressed  similar 
views.  Washburn  gives  twenty  to  twenty-one  days  as  the  length 
of  the  larval  period,'  As  shown  previously,'  this  time  was  found 
to  be  eighteen  to  twenty  days  when  the  larvse  were  reared  in  the 
laboratory.  Of  more  interest  and  of  considerable  more  importance 
is  the  time  actually  required  for  the  larva  to  mature  in  the  field. 
During  the  years  of  1908,  '09,  and  '10,  the  eggs  were  being  deposited 
about  cabbage  plants  in  lai^  numbers,  from  about  May  20th  to 
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June  4th.  During  these  years  first  brood  larvie  were  found  in  lai^ 
numbers  from  June  10th  to  June  25th.  It  is  thus  seen  that  in  the 
field  the  Urvse  of  the  first  brood  require  about  twenty-(me  days  to 
mature. 

While  both  laboratory  and  field  obaerTatioas  indicate  that  under 
normal  conditions  the  larval  stage  lasts  about  three  weeks,  a  large 
amount  of  data  has  been  accumulated  to  show  that  the  extent  of 
this  period  may  be  materially  altered.  When  disturbed  or  in  the 
absence  of  food,  larvse  have  been  known  to  pupate  when  they  had 
reached  only  half  size.  It  is  thought  that  lack  of  sufficient  mtusture 
will  also  stimulate  ihe  larva  to  pupate.  Several  laboratory  teste 
[banned  to  determine  the  effect  of  moisture  failed  to  yield  reaulto, 
because  the  larvs  would  either  die  or  pupate  when  the  food  became 
dry.  It  is  a  common  experience  on  removing  infested  radishes  from 
the  soil  to  have  the  larvtB  quit  the  plants  and  pupate  as  soon  as  the 
bulbs  become  shriveled.  Under  such  circumstances  there  is  usually 
much  variation  in  the  sises  of  the  puparia. 

SELECTION  OF  HOST  PliANlS. 

There  seems  to  be  a  general  impression  among  wnters  on  this 
subject  that  some  plants  are  more  liable  to  attack  than  others.  Cook 
observed  in  1888  that  radishes  were  more  attractive  to  the  insect 
for  purpose  of  oviposition  than  cabbage,  and  suggested  the  use  of 
radishes  as  a  trap  crop.  Hulst  also  states  that  cauliflower  is  pre- 
ferred to  either  cabbage  or  radish.  We  have  frequently  noticed 
that  where  rows  of  cauliflower  alternated  with  rows  of  cabbage, 
the  former  plants  sustained  greater  damage.  A  number  of  cabbage 
growers  in  this  community  have,  for  several  years,  mixed  radish 
seed  with  cabbie  seed  in  growii^  their  seedlings.  S(Hne  of  these 
beds  have  be^i  very  carefully  examined  and  it  appears  that  radishes 
generally  contain  more  mt^igots  tiian  cabbages,  though  cabbage 
seedlings  have  always  shown  evidence  of  m^^t  injury  and  in  one 
instance  practicaUy  all  of  the  cabbage  seedlings  were  mined.  During 
three  seasons  cruciferous  plants  grown  especially  to  determine  their 
relative  susceptibilities  have  been  systematically  ejcamined  at  various 
times  during  the  growing  period.  Also  numerous  inspections  have 
been  made  of  all  the  wild  and  cultivated  cruciferae  in  this  locality. 
The  general  conclusion  of  these  studies  is  that,  while  in  some  instances 
more  eggs  have  been  deposited  about  one  variety  than  another, 
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tendemeBS  of  growth  or  succulency  has  much  more  to  do  with  the 
degree  of  infestation  than  the  variety  or  species  of  plant.  In  the 
eaiiy  part  of  the  summer  maggots  can  be  found  about  the  roots  of 
all  varieties  of  cabbage  seedlings  and  about  wild  mustard,  while  later 
in  the  summer  when  adults  are  present  in  considerable  numbers  it 
has  been  difficult  to  find  the  Utveb  about  either  cabbage  or  mustard. 

SEASONAL  BUBCEFTLBILITT  OF  CABBAGE  TO  INJtntT. 

In  the  locality  about  Geneva,  N.  Y.,  where  late  varieties  of  cabbage 
are  extensively  grown,  we  have  never  been  able  to  find  during  the 
summer  any  fields  that  were  being  injured  by  root-maggots.  As 
just  stated,  these  insects  are  always  present  in  the  spring,  injuring 
cabbage  seedlings,  cauliflower,  radiBh  and  other  cruciferous  plants 
and  also  in  the  fall  attacking  turnips,  cabbage  ^tumpg,  etc.  Not 
only  are  injuries  absent  during  July  and  Ai^ust,  but  it  is  difficult 
to  find  the  work  of  the  insects  on  roots  of  the  different  varieties 
<^  cabbages  grown  in  this  re^pon  at  the  time  the  crop  is  buvested. 

There  are  two  classes  of  varieties  of  cabbage  grown  in  this  com- 
mimity,  one  locally  called  late  cabbage,  including  such  varieties 
AS  Holland  Danish,  Red  Danish  and  Danish  Ball-head,  the  sets  being 
planted  during  early  July  and  the  crops  harvested  about  the  first 
of  November.  The  other,  commonly  known  as  early  cabbage, 
including  such  varieties  as  All  Head  Early  and  All  Seasons,  is  planted 
from  the  first  to  the  fifteenth  of  June  and  matures  during  the  first 
part  of  September.  The  early  varieties  are  grown  for  immediate 
consumption  and  for  sale  to  kraut  factories,  while  the  late  kinds 
are  stored  for  winter  use. 

During  the  autumns  of  1910,  1911  and  1912  numerous  inspections 
of  the  Gelds  in  the  vicinity  of  Geneva,  N.  Y.,  were  made  to  learn 
particularly  the  extent  to  which  cabbage  stumps  serve  as  breedii^ 
places  for  the  pest.  After  cabbages  are  cut  it  is  a  common  practice 
in  New  York  to  allow  the  stumps  to  remain  undisturbed  until  the 
following  spring.  With  the  removal  of  the  crop  in  the  autumn 
these  stumps  put  forth  numerous  shoots  which  continue  to  grow  till 
the  appearance  of  very  cold  weather.  The  adventitious  buds  or 
qm>uts  (Plate  VI)  are  very  attractive  to  the  adults  of  this  insect, 
and  numerous  eggs  are  deposited  on  the  stalk  at  the  bases  of  the  buds, 
so  that  before  the  appearance  of  cold  weather  the  sprouted  stumps 
may  be  thoroughly  infested  with  maggots.    Since  the  late  cabbage 
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is  not  taken  from  the  fields  until  cold  weather  and  after  the  period 
of  ovipo^tion  tias  past  it  is  practically  free  from  injury  during  the 
autumn. 

It  is  thus  seen  that  during  ordinary  years  the  cabbage  crop  is 
only  subject  to  injury  by  root-maggota  during  the  spring  months. 
The  observations  indicate  also  that  the  crop  remnante  of  the  varieties 
of  cabbage  that  mature  in  September  constitute  the  chief  breeding 
places  for  the  cabbie  ma^ot  in  this  locality  during  the  autumn. 

INJUBIES  BY  MAQQOTS  TO  CABBAGE  ROOTS. 

When  the  root  of  the  seedling  cabbage  or  cauliflower  is  attacked, 
the  young  larva  directs  its  activities  at  first  to  the  cortex  of  the 
stem  just  below  the  surface  of  the  soil.  Later  the  entire  stalk  may 
be  consumed  or  the  larva  may  confine  its  work  to  a  more  or  less 
irregular  groove.  When  the  seed  bed  is  badly  injured  it  is  usual  to 
find  seedlings  in  which  only  a  few  withered  leaves  and  the  outer 
epidermal  structures  of  the  stalk  remain,  the  larvie  having  mined 
the  interior  of  the  stalk  and  the  largest  petioles  after  exhaustii^ 
the  food  at  the  root  (Plate  XLII).  The  laceration  of  the  root  by  the 
larva  is  often  accompanied  by  decay  of  the  injured  parts.  When 
the  body  of  a  radish  or  turnip  is  attacked,  the  larvce  are  most  often 
found  in  hidden  tunnels  in  the  cortex,  though  the  tunnels  frequently 
penetrate  more  deeply  (Plate  XLIII).  Sometimes  these  channels  are 
mere  grooves,  the  epidermis  having  been  destroyed.  The  channels 
made  by  the  larva  in  the  aerial  part  of  a  cabbage  stalk  are  neariy 
alwaj^  found  in  the  cortex  and  are  hidden  by  the  thin  outer  bark 
(Plate  XLIV). 

The  size  of  the  channels  is  about  the  same  as  the  girth  of  the 
m^^t.  They  extend  in  no  definite  direction,  occasionally  being 
straight,  but  more  often  winding  or  zigzag.  The  newly  made 
tunnels  are  clean,  but  later  they  frequently  become  browned  and 
discolored,  due  to  the  decay  of  the  exposed  tissues. 

PUPABrUM. 

As  shown  later,  the  length  of  the  pupal  period  depends  upon  the 
conditions  surrounding  the  puparium.  The  pupa  stage  lasts,  ordi- 
narily, from  twelve  to  eighteen  days  for  most  individuals,  while 
a  few  pupEB  require  two  to  three  months.  The  brood  that  hiber- 
nates remuns  in  this  stage  for  five  to  eight  months,  and  an  occasional 
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pupa  of  the  hibernating  brood  may  require  eight  or  ten  months 
to  develop. 

The  puparium  of  the  cabbage  ma^ot  is  found  in  the  soil  in  close 
proximity  to  the  roots  of  cruciferous  plants.  In  examining  infested 
cabbage  seed-beds  during  June  for  first  brood  puparia,  the  obser- 
vation has  frequently  been  made  that  at  least  ninety  per  ct.  of  the 
individuals  are  found  within  three  inches  of  the  injured  plant  and 
in  the  first  three  inches  of  soil.  A  great  many  specimens  can  be 
found  within  an  inch  of  the  plant  and  rarely  a  pupariiun  may  be 
found  in  the  injured  seedling.  This  is  more  likely  to  occur  in  plants 
having  a  tuber-like  root,  such  as  turnips  and  radishes.  In  autumn 
the  hibernating  brood  occurs  at  a  slightly  greater  distance  from 
the  injured  root  than  the  spring  brood.  At  this  season  the  puparia 
are  frequently  found  at  a  depth  of  four  inches  and  at  a  distance 
of  five  or  six  inches  from  the  plant.  When  the  aerial  parts  of  the 
plant  become  infested,  such  as  sprouted  cabbage  stumps  and  cabbages 
that  have  put  forth  second  growth,  a  small  percentage  of  the  larvse 
pupate  in  the  upper  part  of  the  plant. 

The  tendency  of  the  larva  to  migrate  from  the  infested  plant 
has  a  very  important  bearit^  on  the  numbers  that  would  reach 
maturity.  This  is  especially  true  when  the  insect  infests  root 
crops  grown  for  stock  feed.  If  the  larvfe  were  to'  pupate  in  the 
turnips  or  Swedes  grown  to  be  used  as  succulent  feed  during  the 
winter,  they  would  largely  be  destroyed. 

PERIOD   OF   EMERGENCE   OF  ADULTS   OP  THE   SPRING   BROOD. 

There  are  many  observations  on  record  as  to  the  time  tlie  first 
adults  of  P.  braasica  appear  in  the  spring,  but  apparently  no  data 
have  been  collected  as  to  the  number  of  days  required  for  the  entire 
brood  to  emei^e.  To  secure  information  on  this  point  an  arrange- 
ment was  made  with  Mr.  0,  W.  Winburn,  Geneva,  to  place  cloth 
screens  over  an  infested  stump  field  to  entrap  the  flies  as  they 
emerged  from  the  soil.  The  field  selected  for  this  purpose  was 
one  that  had  been  planted  to  early  cabbage  the  year  previous,  the 
crop  having  been  taken  during  September  and  the  stumps  per- 
mitted to  sprout.  Some  of  these  stumps  had  become  badly  infested 
with  maggots  before  cold  weather  stopped  their  growth.  The 
ground  for  the  experiment  was  divided  into  three  plats,  one  of 
which  was  not  cultivated,  the  other  two  being  plowed  six  and  nine 
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inches  reapectively.  Tight  cheesecloth  framea  six  byeighteen  feet  were 
erected  over  each  plat  and  the  flies  collected  as  shown  in  Table  I. 


Table  I.- 

A  ReCOED  Ol-  THI 

EKEBQcrrcB  of  CABB4aE  Maooot  Pueb  at  Senkc* 
Cabtle  DnwuD  191). 

Datk 

o»  Collection. 

Plowed  6  incheti. 

Plowed 
ftinctus. 

Not 
plowed. 

Total. 

H 

Scre^ 

7 
2 
3 

1 

2 

Total.... 

21 
14 

2 

81 

Attention  is  directed  to  the  fact  that  the  adults  continued  to 
emerge  over  a  con»derable  period;  in  this  case,  from  May  9th  to 
June  14th  or  thirty-six  days.  The  number  collected  from  each 
of  these  plats  is  too  small  to  indicate  the  effect  of  cultivation  upon 
tiieir  emei^ence. 

DEPTH   OB"  SOIL   THROUGH   WHICH  ADULTS   KMBRGB. 

Washburn '  reports  an  experiment  in  which  pupas  of  P.  braasias 
were  buried  out  of  doors  at  depths  of  1,  2,  3,  4,  5  and  6  inches.  No 
adults  emerged  from  the  lots  buried  one  and  six  inches  respectively 
in  the  soil  and  t^e  states,  "  It  would  seem  that  the  flies  were  not 
able  to  penetrate  through  sue  inches  of  soil  under  conditions  as 
nearly  Uke  outside  conditions  as  possible,"  Card  and  Stene  ^  found 
Rhagoletia  pomonella  able  to  emerge  from  a  depth  of  six  inches, 
though  normally  larvee  of  this  species  pupate  in  the  first  inch  of 
the  soil.  Stiles  and  Gardner,'  while  working  with  Muaea  dome^ca, 
had  thirty-seven  flies  emerge  from  puparia  buried  in  sand  to  a  depth 
of  forty-eight  inches.  These  experiments  show  that  some  diptera  are 
adapted  to  pushing  their  way  through  a  considerable  depth  of  soil. 

>  Miaa.  Exp.  Sta.  Bui.,  112,  p.  204. 

'  Md.  Exp.  SU.  Ann.  Rpt.  190*,  p.  192. 

■  U.  9.  Pub.  Healtii  ft  Mar.  Uoap.  Serv.  PuMm  BeaUh  RtpU.  15:1829.     1910 
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Oq  June  23,  1906,  eeveral  pots  were  prepared  and  fourteen  pu- 
paria  of  P.  brasnccB  were  planted  in  each,  ranging  in  depths  from  two 
to  twelve  inches.    By  Ai^ust  16th  adults  had  emerged  as  follows: 

Dq>tii  ot  Puparia  in  SoiL  Number  of  Adults  Emtt^ug. 

2iiuiheB  1 

4  inches  1 

8  indkes  2 

lOiochsB  6 

12  inches  3 

The  soil  used  in  thia  case  was  a  clay  loam,  which  was  only  slightly 
compacted.  The  pots  were  kept  in  the  laboratory.  The  fact 
that  some  flies  were  able  to  emerge  from  such  depths,  even  under 
the  most  favorable  circumstances,  would  certainly  discourage  any 
efforts  to  control  the  insect  by  cultivation  which  had  as  its  object 
deep  burial  of  the  puparia  in  the  soil. 

DISPERSION   or  ADULTS. 

Winds  play  an  important  part  in  the  distribution  of  insects. 
Popenoe  *  in  his  work  with  the  potato  beetle  along  the  east  shore 
of  Vii^nia  observed  that  an  off-shore  wind  carried  great  numbers 
of  the  hibernating  individuals  out  to  sea  where  they  perished,  the 
beach  often  beii^  covered  with  windrows  of  the  dead  beetles. 
Hartzell '  reports  that  large  numbers  of  rose  chafers  were  washed 
up  on  the  shore  of  Lake  Erie,  near  Westfield;  and  in  the  summer  of 
1906,  we  found  dead  May  beetles  along  the  northeast  beach  of 
Seneca  Lake.  Similar  observations  on  other  species  of  insects  have 
been  recorded  in  literature. 

In  our  studies  about  Gieneva  and  Seneca  Castle,  N.  Y.,  it  appears 
that  cabbage  is  the  chief  breeding  place  of  the  root  maa;ot  and  that 
a  nmjority  of  the  insects  hibernate  in  flelds  where  the  stumps  are 
left  standing,  but  in  most  seasons  the  injury,  when  present,  is  so 
general  that  it  is  not  pos^ble  to  leam  whether  or  not  the  injury 
to  the  seed-bed  is  influenced  by  being  located  near  a  stump  field. 
Here  cabbage  is  extensively  grown  and  our  observations  indicate 
that  the  insect,  especially  when  abundant,  becomes  pretty  thoroughly 
distributed.  Frequently  the  space  between  cabbage  fields  is  often 
not  much  greater  than  the  fields  themselves,  so  that  only  a  small 


ilized  by  Google 


360    Repoht  op  the  Department  or  Entomologt  op  ihe 

amount  of  dispersion  is  necessary.  In  years  when  the  adults  are 
not  so  numerous  or  in  other  localities  that  are  not  bo  exclusively 
devoted  to  this  crop,  the  insects  are  liicely  to  he  more  abundant  in 
close  proximity  to  the  fields  than  elsewhere.  Also,  it  has  been  ob- 
served in  some  years  that  seedlings  in  cabbage^rowing  localities  have 
been  pretty  generally  destroyed,  while  on  farms  a  few  miles  distant 
the  seed-beds  were  in  excellent  condition. 

FEEDINQ  AND  OTHER  HABITS  OF  ADULTS. 

The  difficulty  of  breeding  P.  brasstcce  and  other  diptera  has  been 
mentioned  by  several  workers.  Shngerland '  in  his  study  of  this 
species  was  unable  to  obtain  ^gs,  though  his  cages  contained  hundreds 
of  adults.  Washburn,*  however,  finds  that  adults  which  have 
matured  in  the  field  will  oviposit  in  cages,  but  he  does  not  state  their 
egg-laying  capacity.  Hewitt  *  in  his  investigation  of  Musca  domeslica 
speEtks  of  certain  difi&culties  in  rearing  this  insect. 

The  adults  used  in  our  efforts  to  breed  P.  brassiae  were  mostly 
those  that  had  emei^ed  in  cages  in  the  laboratory,  and  some  fresh- 
looking  individuals  captured  at  large.  In  addition  to  supplying 
them  with  water  and  some  cruciferous  plants  for  purposes  of  feeding 
there  were  also  furnished  banana,  sugar  water  and  blossoms  of  the 
common  weeds  in  this  community,  including  wild  mustard  (Sisyrrtr- 
brium  officinale),  wild  carrot  (Daucus  carota)  and  the  milk-weed 
{Asdepias  sp.).  The  adults  were  seen  to  visit  the  blossoms  and  to 
feed  greedily  upon  the  sweetened  mixture  and  haK  decayed  banana. 
Usually  they  were  quick  to  detect  the  presence  of  dilute  molasses 
or  sugar  syrup  when  a  drop  was  placed  in  the  cage,  often  locating 
the  food  in  a  few  seconds.  When  adults  were  put  in  cages  in  the 
laboratory  without  food  they  lived  only  two  or  at  the  most,  three 
days,  while  with  food  and  water  regularly  supplied,  the  length  of  life 
ranged  from  two  to  four  weeks;  and  in  one  instance  a  female  lived 
forty-eight  days  in  a  lantern  globe.  This  individual  emei^^  in  the 
laboratory  and  was  first  observed  April  ISth.  For  the  last  two  weeks 
of  its  life  the  fly  was  not  very  active,  and  for  three  or  four  days 
before  it  died  was  hardly  able  to  crawl.  The  posterior  third  of  both 
wings  had  been  worn  away  and  one  of  the  tibife  was  lost.  In  the 
abdomen  were  found  thirteen  full-sized  eggs,  the  chorion  of  which 

1  Gomel!  Exp.  Sts..  Bui.  78,  p.  513. 

'  MiDD.  Exp.  8ta.  Bui.  100,  p.  5. 

*  Hewitt,  C.  Gordon.    The  Houae  tly,  p.  M.    X9ia 
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appeared  mucilaginouB  and  Bomewhat  smooth  in  contrast  to  the 
usual  clean-fiuTOwed  ova. 

The  facts  brought  out  by  the  cage  work  has  been  the  fondness 
of  the  adult  for  sweetened  water  and  the  neces^ty  for  food  and 
moisture  for  its  sustenance. 

In  the  field  various  species  of  ArdJiomytdce  are  present  in  this 
latitude  from  May  until  October.  They  are  conspicuous  during  the 
latter  part  of  May  and  June,  and  the  species  affecting  cabbage  can 
be  found  about  fruit  blossoms  and  flowers  of  certtun  weeds.  Fre- 
quBDtly  while  apples  are  in  bloom  adults  have  Lieen  taken  with  pollen 
dinging  to  the  legs  and  chsts.  After  the  period  of  fruit  blossom- 
ing the  fliee  are  found  in  abundance  about  wild  mustard  blossoms. 
Later  in  the  season  the  adults  become  scarce  and  usually  during 
August  are  difficult  to  find,  though  they  reappear  in  September. 
Observations  on  the  relative  abundance  of  adults  during  the  different 
summer  months  are  preseuted  in  chronological  order  in  Table  IV. 
The  activities  of  the  flies  during  the  day  are  influenced  to  a  marked 
d^iree  by  the  weather.  Durii^  early  morning  and  on  cod  or  windy 
days,  the  adults  remain  in  hiding  and  may  usually  be  taken  by  sweep- 
ing mustard  or  cabbage.  At  such  times  they  have  been  frequency 
seen  on  the  under  side  of  the  plants.  During  the  warmest  part  of  a 
cool  day  adults  of  this  and  other  species  have  been  collected  along 
warm,  sunny  paths  and  about  protected  situations. 

Low  temperatures,  of  course,  reduce  the  number  of  ^;g8  deposited;' 
but  windy  weather,  during  which  the  adults  remain  in  hiding,  does 
not  act  upon  the  insects  in  the  same  manner.  During  the  occurrence 
of  strong  winds,  adult  females  have  been  found  in  chinks  in  the  soil, 
and  in  crevices  about  cabbage  plants.  The  swaying  of  the  seedling 
after  a  run  pushes  back  the  earth  at  the  surface,  formii^  a  small 
pocket  by  the  stalk.  This  seems  to  be  a  favorite  retreat  during  a 
strong  wind,  and  lai^  numbers  of  eggs  have  been  found  at  the  lower 
extremity  of  this  pocket  in  the  afternoons  of  windy  days.  Freshly 
plowed  OF  cultivated  soil  attracts  the  flies.  They  have  been  observed 
many  times  in  recently  turned  furrows  where  they  appear  to  feed. 

Our  observations  indicate  that  during  periods  favorable  for 
ovipoffltion  the  females  are  found  on  the  soil  and  near  cruciferous 
plants,  while  the  males  confine  themselves  largely  to  the  foliage 
of  weeds  and  shrubs.    On  May  24,  1909,  while  inspecting  some 

'Jour.  Bern.  But.  4:211. 
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cabbage  seedlings  in  a  truck  garden  near  Waterloo,  N.  Y.,  a  numbw 
of  mates  were  noticed  on  onion  tops,  and  nearby,  on  freshly  atined 
soil  from  which  onions  had  recently  been  taken,  a  number  of  females. 
Although  the  flies  were  closely  observed  for  some  time,  they  were 
seen  only  to  walk  over  the  moist  soil,  occasionally  stopping  as  if  to 
lap  moisture.  The  males  appeared  to  bask  in  the  sun,  and  remained 
quiet  except  for  rubbing  together  the  hind  tarsi.  This  habit  of  the 
males  of  resting  on  shrubbery  while  the  females  are  on  the  ground 
feeding  or  ovipositing  has  since  been  observed  many  times.  Appar- 
ently they  choose  no  special  kind  or  nze  of  plant,  and  in  addition  to 
weeds  they  have  been  taken  on  leaves  of  young  elm,  wild  black- 
berry, strawberry,  grape,  aster  and  wild  mustard. 


APPEABANCE  OF  ADULTS  IN  RBI.ATI0N  TO  THE  BIASBOHINQ  OF  FEtHTS. 

During  ei^t  seasons  this  insect  has  been  under  our  observation, 
the  first  of  the  adults  to  emerge  in  the  spring  have  appeared  dimng 
the  first  two  weeks  of  May,  the  actual  time  of  appearance  depending 
somewhat  on  the  weather.  The  period  of  the  first  appearance  of 
the  flies  as  compared  with  the  blossomii^  of  our  common  fruits  is 
shown  in  Table  II. 


(Dfttaf 

HOooen, 

fl.  Y.,  for  A 

yniB.) 

1907. 

1908. 

1909. 

1910. 

1911. 

1913. 

Adults  wnuing 

M&yl6. 

Mity  12. 

May  13. 

May  12.' 

May  6. 

Mayl. 

Pbuit    BuMHCNa: 

Chary,  Windsor 

Cheny,     Montmor- 

M»yl6 

May  18 

MiQ'31 
May  24 

May  12 

May  18 

M»y  23 
May  19 

May  13 

May  18 

May  27 
May  19 

Apr.  18 
May    1 

May    9 

Apr.  30 

May    5 

May  11 

May  18 
May  13 

Apr.    26 
May     2 

Mvf     4 

Mt?      1 

Apple,  R.  I.  dreett- 

Pesr,  Bsrtlrtt 

1  The  blossoming  time  of  fruits  was  kiodly  supplied  by  O.  M.  Taylor  <d  this 
Btatbn. 

■  During  April  of  1910  the  weather  was  unusually  warm.  This  b  bdieated  by  date 
at  whioh  the  Windsor  cherry  blooniod  that  year.  On  April  29th  ^es  were  preeeut 
about  cabbage  seed  beds  at  Geneva,  and  some  anthomyids  were  t^en.  Although 
tbeee  individuaU  oould  not  be  deGnitdy  identified  aa  P.  bnutica,  it  is  very  probabts 
that  this  q>eciee  was  present  in  small  numbers.  The  weadier  turned  coot  immediatdy 
following  April  2eth  and  no  more  coUectiiHis  were  mads  untjl  M»y  12th  «4ien  the 
identity  of  the  insect  was  eetablished. 
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Two  interesting  Eacte  are  suggested  by  this  table:  First,  abnormal 
seasons  affect  tbe  emergence  of  the  adults  and  the  blooming  of  tree 
fruits  in  much  the  same  way;  and  second,  tbe  fiies  appear  about  the 
same  time  that  the  Windsor  oheny  is  in  bloom. 


INTERTAI'  AFTEB  BUEBGENCS  OF  ADULT  BEFORE  EQQ  DEPOSITION. 

Our  field  observations  have  yielded  no  definite  information  on 
the  extent  of  the  preoviposition  period  except  that  eggs  have  been 
found  either  the  first  day  adults  were  obeerved  in  the  spring,  or  within 
the  next  two  or  three  days.  Since  adults  that  emerged  in  captivity 
have  not  been  induced  to  oviposit  in  c^es  any  data  secured  in 
breeding-cage  work  is  open  to  question.  Notwithstanding  this  fact, 
numerous  dissections  were  made  both  of  females  that  emerged  in 
cages  and  of  individuals  captured  at  large.  In  Table  III  are  shown 
the  measurements  of  the  ova  of  adults  that  emerged  in  cages.  These 
adults  had  been  fed  upon  sugar  water  and  egg  albumen.  The  data 
show  that  the  eggs  attcuned  full  size  in  about  seven  days,  even  when 
tiie  insects  were  in  captivity.  It  is  beheved  that  during  favorable 
weather  the  adults  would  mature  even  sooner  in  tbe  open  and  would 
normally  ovipo«t  in  from  three  to  five  days  after  emergence. 

Tabui  III. —  Mbasubemenis  op  Ova  in  thb  Oviducts  of  Adults  of  P.  bmtiea. 


PoamoN  OF  Eoos  in 
in  Oviduct. 

Adult 

ii»t 

emerged. 

Adult 
mxergfd 
3  days. 

Adult  emerged 
7  days. 

Adult 
emeiited 
14  days. 

i^n^oTBO) 

190x240 
mionnu 

180x270 
mieruis. 

220  )t  960  microns 
e^B  appiTMitly 

Ova  mature. 

90x100 
microns. 

190x240inietODS 

microns. 

0¥n»«ttoabove(3),. 

llOxllOmicroM 

120x120 

Ova  next  to  above  (4).. 

lOOilOOtnicTOOS 

80x80 
microns. 

microns. 
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dstailb  07  ovifosition  habitb. 

Sdeding  location  for  egg-layii^g. —  Generally  the  female  al^te 
on  the  outer  mai^in  of  a  leaf,  which  is  examined  in  several  places, 
the  adult  always  running  quickly  from  one  place  of  inspection 
to  another.  After  spending  several  seconds  on  the  upper  margin 
of  the  leaf  the  insect  passes  down  the  petiole  and  stalk  to  the  ground. 
The  plant  may  be  encircled  several  times  at  a  distance  of  one-fourth 
to  three-fourths  of  an  inch  from  the  stalk,  the  female  drawing  the 
extended  ovipositor  over  the  soil.  When,  in  walking  about,  the 
female  detects  a  crevice,  she  backs  into  it,  and  apparently  examines 
its  character  with  the  extended  ovipositor.  Frequently  the  female 
has  been  seen  to  make  several  trips  from  the  soil  to  the  tip  of  the 
leaf  before  ovipositing.  In  the  observed  cases  only  one  ^5  was 
deposited,  but  the  fact  that  eggs  may  be  found  in  batches  indicates 
that  a  number  of  them  may  be  deposited  at  one  time. 

Number  of  eggs  deposited  by  one  female. —  Numerous  females  were 
dissected  to  ascertun  the  number  of  eggs  that  they  normally  carry. 
Those  with  medium-sized  abdomens  averaged  about  twenty  eggs, 
while  individuals  with  heavy  abdomens  contained  fifty  or  more 
fully  developed  ova.  The  following  examination  of  a  collection 
made  August  15,'  1910,  is  typical.  The  abdomens  of  six  females  , 
contained,  respectively,  21,  24,  27,  30,  39,  and  54  mature  eggs.  Each 
ovarian  follicle  contained  three  inunature  ova  that  showed  some 
development,  the  largest  being  about  one-fourth  the  size  of  th(»e 
mature.  This  su^ests  that  under  favorable  circumstances  three 
or  foiu-  batches  of  eggs  might  be  deposited,  especially  since  the 
adultfl  are  probably  active  four  or  five  weeks.  In  this  case,  aa 
with  other  insects,  the  number  of  eggs  found  in  the  abdomen  may 
bear  very  little  relation  to  the  nimiber  oviposited.  Hewitt,  in 
speaking  of  the  house  8y,  which  is  a  closely  related  species,  says 
that  "  A  single  fiy  lays  from  one  hundred  and  twenty  to  one  hundred 
and  fifty  eggs  at  one  time  and  may  deposit  five  or  six  batches  of  e^s 
during  its  life."  If  the  period  of  oviposition  of  the  cabbie  fly 
extended  several  weeks,  as  m  the  case  of  Musca  dome^ica,  some 
individuals  might  deposit  two  hundred  or  more  e^gs,  while  those 
flies  that  mature  only  one  batch  will  average  forty  to  fifty  eggs. 
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ntthbeb  of  broods. 

The  number  of  broods  of  the  cabbage  ma^ot  has  been  a  mooted 
question.  Bouch4  and  Taschenbei^  made  only  general  statements 
r^arding  the  number  of  broods.  These  have  been  repeated  by 
later  workers  or  the  number  of  broods  has  been  estimated  on  the 
basis  of  the  time  required  for  the  first  brood.  Thus  Cook '  in  1874 
concluded  that  there  were  two  or  more  broods,  while  Riley '  in 
1SS4  thought  there  were  not  less  than  three.  The  students  of  this 
insect  have,  with  few  exceptions,  confined  their  attention  lar^ly 
to  the  first  brood.  Slingerland  *  traced  two  broods  and  stated  that 
the  life  history  becomes  complicated  in  July  and  August.  Washburn  * 
has  constructed  a  diagram  showing  the  life  history  from  April  30tb 
to  Sept.  26th.  This  includes  two  complete  broods  and  the  adults 
of  the  third.  Smith  *  states  that,  "  There  are  three  or  more  broods 
in  a  season,  and  the  ma^ots  may  infest  chiefly  the  wild,  crucifer- 
ous weeds  rather  than  the  cultivated  plants.  There  is,  however,  a 
brood  that  becomes  noticeable  lat«  in  the  season,  part  of  which 
reaches  maturity  the  same  year  and  part  of  which  passes  the  winter 
in  the  puparium  stage  and  changes  to  adult  flies  in  the  spring.  It 
seems  probable  that  not  all  the  puparia  found  about  the  plants  in 
the  winter  are  from  the  late  brood  of  maggots,  but  that  some  are 
from  those  of  earlier  maggots,  so  that  the  puparia  in  lubemation 
may  be  from  all  of  the  broods." 

Our  observations  indicate  that  as  a  rule  the  insect  is  ^ree-brooded 
in  this  latitude,  though  it  is  quite  probable  that  in  favorable  seasons 
a  portion  of  the  insects  are  four-brooded,  and  in  many  summers 
they  are  mostly  two-brooded.  The  following  notes,  bearing  on  the 
number  of  generations  of  the  insect  are  based  on  field  observations 
and  breeding  records. 

Broods  observed  during  1909:  First  brood. —  The  flies  began  to 
emerge  about  May  15th  and  were  present  in  <»nuderable  numbers 
from  May  20th  to  June  Ist,  as  shown  by  the  oviposition  records.' 
It  is  probable  that  the  bulk  of  the  first  brood  emerged  during  the 
ten  days  of  May  16th  to  25th. 


■Sept.  Mich.  Bd.  Agr.,  p.  119,  1874. 
'  U.  S.  D.  A.    Kept,,  pp.  319-331,  1884. 

*  Cornell  Exp.  Ste.,  Bui.  78,  p.  616. 

*  Miim.  Exp.  Sts.,  Bui.,  100,  p.  17. 
■  N.  J.  Exp.  Sta.,  Bui.  200,  p.  9. 
*J<rttr.  Bern.  Snt.  4:211. 
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Second  brood. —  The  emergence  of  the  aecond  brood  during  the 
same  season  was  well  defined  by  our  collections  from  a  plowing 
experiments  These  data  show  that  the  majority  of  the  adults 
appeared  between  June  25th  and  July  3rd,  though  they  continued 
to  emerge  during  the  rest  of  the  month. 

Third  brood. —  The  adults  were  collected  as  in  the  previous  brood, 
as  they  emerged  from  a  bed  planted  to  turnips  and  cabbage.  In  this 
case  the  collections  indicate  that  the  majority  emerged  between 
August  26th  and  Sept.  4th,  though,  as  in  the  second  brood,  the  total 
period  of  emergence  lasted  four  or  five  weeks. 

Broods  (Aaened  during  1910;  First  brood. —  A  few  anthomyids 
were  collected  in  the  latter  part  of  April  and  though  not  definitely 
identified,  adulte  of  P.  braamas  were  imdoubtedly  present  at  that 
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time.  Specimens  of  this  species  were  abundant  in  the  field  from 
May  16th  to  June  9th. 

Second  brood. —  Adults  emei^  ahnost  daily  from  June  21st  to 
August  2nd  in  outade  breeding  cages.  Our  records  show  that  the 
numbers  were  greater  between  June  30th  and  July  8th  than  at  any 
other  time  during  this  period.  As  the  flies  were  all  reared  from  eggs 
and  pupte  of  the  first  brood  there  is  no  doubt  as  to  which  brood  these 
particular  adults  belong. 

Third  brood. —  During  this  season  adults  were  abundant  in  the 
field  from  August  3rd  to  October  3rd.  A  few  were  observed  until 
October  14th.  Certainly  these  were  mostly  third-brood  flies,  though 
the  possibility  of  a  partial  fourth  brood  during  this  period  is  evident. 

'Jour.  Sam.  Ent.  4:211. 


ilizedbyGoOglC 


New  York  Aqricultural  Expebiuent  Station. 


367 


Brooda  observed  during  1911:  First  brood. —  Adults  were  collected 
as  they  emerged  from  a  cabbage-stump  field,  the  period  lasting  from 
May  9th  to  June  14th.  Adulte  were  observed  in  the  &eld  three 
daya  prior  to  the  first  date  and  they  were  numerous  in  the  field 
about  June  6th. 

Second  brood. —  Puparia  secured  from  a  sandy  soil  near  Rochester 
produced  fiies  in  large  numbers  from  June  9th  to  16th.  A  smaU 
percentage  of  the  puparia  from  this  locahty  produced  fiies  during  the 
period  of  June  30th  to  July  6th.  No  adults  emerged  in  the  labora^ 
tory  after  this  date  until  the  first  (A  September  and  during  this 
time  adults  were  very  scarce  in  the  field. 

Third  brood. —  A  few  first-brood  pupie  transformed  to  adults 
early  in  September,  and  these  made  their  appearance  during  the  period 
of  Aug.  31st  to  Sept.  9th.  At  these  dates  adults  were  still  very 
scarce  in  the  field  and  continued  so  until  the  23rd  of  September. 
They  were  conspicuous  in  several  fields  from  the  above  date  until 
October  8th. 

TaBIM  IV. OseilBVATIOITB  ON  P.  brOUtUE  TOR  THE  Ye&BS  1909-10-11, 

CAmnged  in  BhioBolociaBi  tn^et.) 
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Plait  XLI.—  Pab*8itic  and  Phedaceous  Enemies  or  Cabbage  Maooot. 
Cyn'pid  adult  (I)  and  pupa  (21;  gUphylinid  nup^  H)  and  adult  (4), 
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PiATB  XLII. —  Injubious  Work  of  Cadbaoe  Maooot. 
1,  Different  dorses  of  root  injury;  2,  damages  to  seed  bed. 
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Ttsia    v.— AnBAin   Honihlt   TsHPSR^Tnui    RxAraNOfl   Am    Prboifimtiiui 
avamo  Cabbaob  Maooot  Altiviti. 

(Pnd[HUtJan  in  lUlic.) 
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SUMMARY  OF  DATA  BBABINQ  ON  NUMBSR  OF  BROODS. 

The  statements  presented  in  the  previous  paragraphs  are  based 
on  data  resulting  from  the  collection  of  adults  as  they  emerged 
from  infested  cabbage  seed  beds  supplemented  by  numerous  field 
collections.  These  data  show  first  that  adults  are  always  present 
in  large  numbers  during  the  latter  liftlf  of  May.  This  has  not  only 
been  true  during  the  eight  seasons  covering  these  observations,  but 
the  fact  has  been  noted  by  all  persons  who  have  studied  this  insect. 
However,  the  most  important  fact  that  has  been  brought  out  by 
the  life  history  studies  is  that  the  number  of  adults  present  during 
July  and  August  varies  from  year  to  year.  In  some  seasons  the 
adults  are  comparatively  numerous  during  this  period  and  during 
other  aeaaons  there  are  practically  none.  Some  effort  has  been 
made  to  correlate  the  nimibers  of  adults  with  certain  conditions  of 
summer  weather.  It  appears  that  varying  percentages  of  the  adults 
of  the  second  brood  are  delayed  in  emerging  and  that  these  delayed 
insects  may  remain  in  the  pupa  stage  for  six  or  eight  weeks  and 
emet^  about  September  first. 

In  this  connection,  attention  is  called  to  Table  V.     The  average 

of  the  daily  maximum  temperatures  during  May,  1910,  was  65.8°  F. 

witli  a  precipitation  of  3.45  inches.    As  compared  with  these  records 

the  weather  of  May,  1911,  was  as  follows:  Average  of  Tn^Tritnnn 
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temperature  79.3"  F.,  precipitation  1.36  inches.  It  will  be  obserrod 
that  there  is  a  difference  of  13.5"  F.  in  the  averages  for  thia  month 
duiii^  these  two  years. 

The  expenmental  data  presented  in  a  later  chapter  suggest  tliat 
these  differences  in  temperature  may,  in  part,  account  for  tbe  retar- 
datioa  in  the  time  of  appearance  of  some  individuals. 

In  addition  to  any  direct  influence  meteorological  conditions  may 
have  on  the  development  of  the  insect  and  the  numbere  that  mature, 
there  is  always  an  indirect  effect  due  to  the  influence  of  the  weather 
upon  the  growth  of  the  plants.  It  seems  very  logical  to  assume  that 
the  numbers  of  larvse  that  reach  maturity  would  depend  somewhat 
upon  the  rate  of  growth  and  the  succulence  of  the  host.  If  a  number 
of  young  larvffi  infested  a  small  plant  that  was  making  a  slow  growth, 
all  individuals  might  fail  to  mature,  whereas,  if  the  seedling  were 
growing  rapidly  it  would  support  a  number  of  larvie  without  being 
seriously  affected.  During  July  and  Ai^ust  both  wild  and  culU- 
vated  cruciferous  plants  make  a  hard  woody  growth  and  this  is 
unfavorable  to  the  your^r  stf^es  of  the  insect. 

In  conclusion,  it  is  apparent  from  the  foregoing  data  that  tiiere 
have  been  differences  in  the  time  of  the  appearances  of  the  later 
broods,  and  that  these  have  been  coincident  with  abnormal  precipi- 
tation and  temperature.  This  situation  has  been  interpreted  in 
the  same  way  as  that  outlined  by  Osborne  ^  and  Webster  •  for  the 
Hesaan  fly,  which  ia  that  high  temperature  or  severe  drouth  causes 
a  retardation  of  developing  larv^  and  pupie. 

The  weather  in  this  climate  varies  considerably  from  year  to  year. 
Some  summers  are  characterized  as  wet,  others  as  dry  and  hot.  These 
differences  have  an  important  influence  on  the  growth  of  cabba^, 
and  it  follows  that  the  insects  feeding  upon  this  crop  are  to  some 
extent  affected.  Abundant  moisture  makes  an  abundance  of  suc- 
culent growth  which  is  very  favorable  to  root-infesting  Lnsecta;  dry, 
hot  weather  produces  a  stunted  woody  growth  upon  which  ms^gots 
feed  very  little  or  not  at  all.  In  addition  to  this  indirect  effect,  all 
st^es  of  the  insect  are  influenced  directly  by  weather  conditions. 
The  activity  of  the  adult  is  probably  shortened  for  want  of  moisture 
in  dry,  hot  weather,  and  there  occurs  in  the  juvenile  stages  a  retardar- 
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tioQ  in  developiiMnt  during  which  the  insect  mnuns  donnutt  until 
tbe  return  of  suitable  (XHtditions. 

HIBBKNATION. 

Peter  Friediich  Bouch4,  in  his  Natui^eachicht«  der  Insekten, 
1834,*  sajns,  "  Sp&tUnge  Uberwintem  theils  ale  Fleige,  .  .  .  theils 
alB  Puppe  in  der  Erde."  Curtis  in  Gardeners'  Chronide,  1S41,* 
continues,  after  describing  the  summer  broods,  "  later  families  lying 
in  the  pupa  state  through  the  winter,  and  most  probably  some  of 
tbe  Qies  survive  that  season  secreted  in  holes  and '  crevices." 
Taschenbei^  *  in  Naturgeschlchte  der  wirbellosen  Thiere,  states  that 
both  the  flies  and  pupte  hibernate.  In  1884  Riley  *  reports;  "  The 
insect  hibernates  both  in  the  larva  state  in  the  roots  and  in  the 
puparian  state  underground."  f^l^'  examined  radish  roots  in 
November  that  were  known  to  be  infested  in  October  and  found  no 
maggota,  which  indicated  that  the  inaecta  did  not  pass  the  winter 
in  the  larval  stage.  Slingerland,*  after  a  discussion  of  hibernation, 
adds:  "  It  is  not  at  all  improbable  that  the  flies  do  pass  the  winter 
secreted  in  crevices  or  under  rubbish."  Smith^  states  that  he  has  found 
the  adults  so  late  in  the  fall  and  so  early  in  the  spring  that  there  nan 
be  no  question  as  to  the  fact  that  the  winter  is  passed  in  this  stage. 

Orfr  olBervations  on  this  phase  of  the  problem  were  made  during 
the  autumns  of  1907  and  1910  and  during  the  spring  and  fall  of 
1911.  The  data  accumulated  during  the  autumns  of  the  threo 
seasons  is  given  in  Table  VI,  while  ohoervationa  made  in  the  spring 
of  1911  are  given  in  chronological  order  in  Table  VII.  Attention 
is  called  to  the  following  facts  that  are  brought  out  by  these  observa- 
tions:  (I)  a  scarcity  of  both  adults  and  larvie  during  the  latter 
part  of  the  summer;  (2)  a  period  when  adults  are  numerous  and 
females  heavy  with  eggs  are  frequently  collected;  (3)  a  period  when 
eg^  and  maggots  are  numerous;  (4)  a  variable  interval  preceding 
«rfd  weather  when  no  adults  can  be  found;  (5)  that  during  the  spring 
of  1911  pupse  under  normal  conditions  in  the  soil  reached  maturity 
and  adults  emerged  from  the  ground  on  the  same  day  that  flies  were 
observed  in  the  field  for  the  first  time  that  season. 

■  Boodrf,  Nator.  der  Inaekten,  p.  74.    BerUn  1834. 
iGwkmB*  Chron.,  p.  306,  1S4I. 

*  TaMitcabMg,  liaUa.  da  wiib.  Thkn,  19. 172-176.    1866. 
•C.8.  D.  A.Rept.p.  330.     1884. 

*  Bdrt.  Eat.  Soe.  Out.  21 :44~45.    1891. 
•OModD  Ezp.  SbL  BuL  78:510. 

*  N.  J.  Eq>.  Stu.  Hept.  488: 1895. 
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In  some  seasons  it  has  been  almost  imposfdble  to  find  adults  during 
the  latter  part  of  the  summer  in  locations  where  they  were  present 
in  con^derable  numbers  both  in  early  summer  and  again  in  the 
fall.  During  cool  days  of  September  and  October  flies  were  found 
tuding  in  wild  mustard  and  about  uncut  heads  and  sprouted  stalks 
of  cabbage.  It  is  thought  that  if  the  adults  hibernated  some  of 
them  would  remain  in  these  hidii^  places,  but  in  the  inspection  of 
many  fields  in  the  autumns  of  1910  and  1911,  during  which  crop 
remnants  were  thoroi^hly  examined,  no  living  adults  were  foimd. 
On  Nov.  2&,  1911,  twenty-three  pupie  and  four  larvse  were  taken 
from  the  soil  about  cabbage  roots.  Some  of  the  pupee  were  the 
color  of  larvffl  and  had  apparently  just  transformed,  while  others 
were  fully  formed.  It  frequently  happens  that  snow  drifts  cover  a 
portion  of  a  cabbage  field  for  the  entire  winter  which  preserve  the 
plants  in  perfect  condition  until  the  following  spring.  It  is  very 
probable  that  any  late  emerging  adults  caught  in  such  a  atuation 
would  hibernate.  The  winter  of  1909-10  was  just  such  a  season, 
for  the  country  generally  was  protected  by  snow  and  whole  fields 
of  cabbage  stumps  put  forth  new  growth  in  the  spring,  whereas, 
usually  the  plants  are  killed  by  low  temperature.  These  observa- 
tions indicate  that  about  Geneva,  N.  Y.,  practically  all  of  the  insects 
winter  as  puparia  and  that  the  adults  do  not  hibernate. 

Tablb  VI. —  Field  Obbebvatioms  on  PsK-HiBEiiNAnoN  Habitb  gw  Cabbaob 
Maooot. 

(Dkta  roi  aatamiu  of  1907,  IBIO,  1011,  at  Omevk,  N.  Y.,  *imis«I  duflacdociisllr.) 
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found  on  cabbage  and 

Female   takm.     Adults 
seen  on  cabbage  and 
tumipe. 

AdultB    of    both    Buzn 
ooUeoted  qd  muatard. 

8  flies  taken. 

Adults  y«T  BouM. 

ogle 
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DAte. 

1907 

1910 

1911 

Adults  very  scarce, 
1  male  takai,  on 
sunny  side  of  cab- 
bage. T.  64i"  < 
p.  a. 

Oet       8 

FlkB      plentiful      and 

grown  larvB  abund- 
ant. 

Flies' abundant,   active 
and  abdomens  heavy 
vitbegga. 

Oct       9 

A   few   adults   prasent 
Moat  larva  ready  to 
pupate.    Soma  pup* 

No  fiioi  Bwm. 

Adults   acsroe,    1   male 

Some    SieB    taken    on 
mustard. 

Adults  not  found. 
Careful  search.     Adults 

not  found. 
Larva     numerous     in 

Larva     numerous     in 
stumps. 

stump.. 

ouB  than  any  time 
this  fall. 

Oet.      12 

Oct.      16 
Oct.      17 

Larva      and      adults 
abundant. 

Oct.      18 

Oct.      20 

Oct.      22 

IKfficDlt  to  find  adults 
Varioua    nsed    larva 
preMot. 

larva  numerous. 
No  adultt  asen. 

Nov.      9 

Not.     12 

Larva  abundant  about 
roota  ot  tuniipB  Bad 
cabbage.    No  adulti 
prcMot. 

but  mort  of  them 
of  large  BiM.  No 
ffin. 

heads  killed  by 
frost. 

Dw.     10 

Larva  present  in  roots 
ot  turnips. 

gota  taken  from 
about  roots  of  cab- 
bage. 
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TABLE  VII. —  Dkvelophent  of  HiBERNAiTNa  PvTM  OF  Cabbaoe  Maqoot- 
(diroQcJo^ixl  amncaoent  of  nolca  Ukeo  in  SpHnc,  ISll.) 


1911. 
March 
April 


Examined  cabbaga  ituinpB,  ground  froten,  iome  dead  Iarv«  noticed. 
Examined  10  trtumpa:     14  puparia  oolleoted.    The  white  leei  oould  be 

seen  through  the  puiial  ekm. 
4  pups  diaaected,  t^a  just  formed. 
CoUnited  30  pupiiria  from  about  16  at 

in  previous  exanunation. 
14  puparia  takm  about '8  etunqie. 
"      ■'■■  gBoil 

6  puparia  from  abont  14  Btumpe.    'Diese  were  exanuned  with  the 
followins  results: 
2.  PupB  shaped  but  no  pigmont. 

1.  Blight  pigment  in  eyes. 

2.  L^,  etc.,  slightly  pigmented. 

1 .  Legs,  wings,  antenufe  pigmented.    BJret  almost  natural  color. 
Another  collection  examined  as  foUom; 

12.  Pup»  formed,  no  pigmrait. 

1.  Eyes  slightly  pink  and  a  row  of  pigmeoted  chnta  arouod  head. 
1.  E^es  reddish  pink,  antennn,  wings  and  legs  pigmented. 
Sifted  soil  about  46  stumps,  taking  62  pupte,  and  several  fresh  looking 

qjecimens.    A  number  i^  the  pupm  appeared  to  be  mature  and 

ready  to  transform  and  one  did  bansform  to  an  adult  biiaa)  the 

following  day.    First  adults  noticed  this  season. 
By  nfting,  23  puparia  and  4  ma^ota  were  taken  about  roots  of 

cabbage. 


EXPERIMENTAL  STUDIES  ON  THE   EGG   AND   PUPAL 

STAGES. 

INCUBATION  PERIOD  AND  INFLUENCE  OP  MOlffTUBE  AND 

TEMPEBATUBE  CONDITIONS. 

DURATION  OF  EGQ  STAQE 

Taschenbei^ '  states  that  the  eggs  hatch  in  about  ten  days.  Mr. 
P.  H.  Scudder  of  Glen  Head,  Long  Island,  reported  to  Slingerland 
that  the  e^^  hatched  in  from  four  to  ten  days,  depending  upon 
vreather  conditions.  *  Smith '  states  the  egg  ett^  varies  from  four 
to  ten  days  and  probably  averages  about  a  week.  Washburn  * 
observed  the  duration  of  the  egg  stage  on  two  individual  ^ga,  and  the 
period  from  oviposition  until  the  eggs  hatched  was  respectively 
three  and  five  daj^s.  The  following  experiments  were  made  to  secure 
additional  data  on  the  duration  of  the  e(^  stage  and  the  effects  of 
moisture  and  temperature  on  the  length  of  the  incubation  period. 

'  Natur.  der  wirb.  Thiere,  p.  172-175.    1865. 
*  Comdl  Exp.  Sta.  Bui.,  78,  p.  507. 
»  N.  J.  Exp.  Sta.  Bui.,  200,  p.  7.    1907. 
*     *  Minn.  Exp.  Sta.  Bui.,  100,  p.  5.    1906. 
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ZXPBBIHliNTS    TO    DBTERlflNE    EFFECTS    OF    UOI8TT7RE    AND    TEMPER- 
ATURE OK  INCUBATION  PERIOD. 

The  ^ga  used  in  these  teats  were  secured  from  about  the  roots 
of  cabbage  plants  in  the  field.  The  time  of  oviposition  was  ascer- 
tained within  specified  limits  by  previously  removing  the  infested 
earth  from  about  the  stalk  and  adding  fresh  earth.  Unless  the 
moisture  conditions  are  given,  the  e^s  in  each  experiment  were 
placed  in  an  unglazed  clay  saucer.  A  uniform  condition  of  mois- 
ture was  maintained  by  plunging  this  receptacle  in  damp  sand. 
The  first  six  of  the  following  tests  were  made  in  the  laboratory 
which  has  an  approximate  average  temperature  of  6S°  F.,  and  the 
number  of  ^gs  used  m  these  dx  tests  varied  from  twelve  to  two 
hundred  in  each  series.  £kich  of  the  other  lots  contained  twenty- 
five  e^^,  and  the  temperature  conditions  are  included  in  the  de- 
scription. An  average  of  twenty-four  hours  lapsed  bef(»e  Uie  con- 
diti(His  of  the  experiment  were  imposed. 

Detaila  of  egg-hatching  testa:  Teat  No.  1.  E|^  deposited  on 
May  26,  190S,  hatched  by  June  1st.    lime,  less  than  five  days. 

Tea.  No.  g.  Some  eggs  deposited  between  8  A.  M.  and  4  P.  M., 
June  3, 1908,  began  to  hatch  by  five  P.  M.,  June  6th.  Time,  about 
three  and  one-fourth  days. 

Tea  No.  3.    Efega  deposited  between  8  A.  M.  and  4  P.  M.,  June 

4,  1908,  were  partly  hatched  by  four  P.  M.,  June  7th.     Time,  three 
and  one-fourth  days  or  leas. 

Tea  No.  4-    Eg^  deposited  between  8  A.  M.  and  4  P.  M.,  Jtme 

5,  1908,  were  b^inning  to  hatch  9  A.  M.,  June  8th.     Approximate 
time,  three  days. 

Tea  No.  5.  Eggs  deposited  between  June  1st,  9  A.  M.  and  June 
2nd,  11  A.  M.,  were  hatching  on  the  morning  of  June  5th.  Approx- 
imate time,  three  and  three-fourths  days. 

Tea  No.  8.  Eggs  deposited  on  June  8th  were  all  hatched  June 
12th.    Approximate  time,  four  days. 

Tea  No.  7.  E^B,  twenty-five  specimens,  deposited  May  27, 1909, 
^  were  placed  in  a  storage  room  with  a  temperature  of  66  to  69  degrees  F. 
May  30th,  6.  P.  M.  one  egg  hatched.  May  Slat,  8  A.  M.,  12  eg^ 
hatched.     Average  time,  four  days. 

Tea  No.  8.  Eggs  deposited  May  27,  1909,  subject  to  an  Incubator 
temperature  of  79  degrees  F.  May  30th,  6  P.  M.,  20  eggs  hatched. 
Average  time,  three  and  one-fourth  days. 
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red  No.  9.  Eggs  deposited  May  27,  1909,  and  placed  in  an  incu- 
bator at  a  temperature  of  104  to  106  degrees  F.    No  ^ga  hatched. 

Test  No.  10.  Eggs  deposited  on  June  3,  1909,  were  subjected  to 
a  temperature  of  66  to  69  degrees  F.  June  6th,  10  A.  M.,  five 
had  hatched.  June  6th,  7  P.  M.,  24  had  hatched.  Averse  about 
four  days. 

Test  No.  11.  Eggs  deposited  June  3,  1909,  were  placed  in  an  in- 
cubator at  a  temperature  of  79  d^rees  F. 

June  6th,  10  A.  M.,  13  eggs  hatched. 
June  6th,    7  P.  M.,  20  e^s  hatched. 
June  7th,    9  A.  M.,  23  eggs  hatched. 
Aven^  time,  three  and  one-eighth  days. 

Test  No.  IS.  Duplicate  of  number  (3).  £^g8  deposited  June 
3rd  were  subjected  to  an  incubator  temperature  of  104  to  106 
degrees  F.  No  e^^  hatched. 

Teat  No.  13.  Eggs  which  were  deposited  June  3,  1909,  were  put 
in  a  dry  unglazed  saucer  and  exposed  in  a  south  window,  unprotected 
from  light  and  air.  During  the  period  the  weather  was  cloudy. 
No  eggs  hatched. 

Te^  No.  14-  Eggs  deposited  June  3,  1909,  were  placed  in  a  similar 
container  to  those  of  lot  four.  These  were  put  in  cold  storage  at 
a  temperature  of  60  to  64  degrees  F.    No  eggs  hatched. 


Tablb  VIII.—  SvmusY  OF  Hatcbiho  Tebtb  op  Eoos  op  Cabbaob  Maooot. 

NuHBiR  OP  Test, 

mate 

tein- 

perature. 

Moisture 
conditions. 

Average  time 

to  hatch. 

es 

68 
68 
68 
68 
66 
7S 

105 
66 
79 

105 

^1 

Moist  sand 

Moist  Band 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Moist  sand 
Dry  sand 
Moist  sand 

.      '^'•-      5 

8 

3i 

3t 

3i 

New  York  Aobicultural  Experiment  Station.         377 

Aa  Bhown  by  these  teste  the  time  required  for  the  e^s  to  hatch  in 
the  laboratory  where  the  temperature  approximated  68°  F.  was 
about  three  and  one-half  days.  Eggs  held  at  a  temperature  of 
79"  F,  in  each  case  hatched  a  few  hours  sooner.  Those  subjected  to 
a  temperstiue  of  105°  did  not  hatch.  It  is  significant  that  ^g?  ex- 
posed to  light  and  air  failed  to  incubate. 

It  should  be  noticed  that  all  the  eggs  used  m  the  above  experiments 
were  under  the  same  temperature  conditions  during  an  average 
period  of  twenty-two  hours  after  they  had  been  deposited.  The 
differences  in  the  behavior  of  the  egg^  were  apparently  due  to 
changes  in  temperature  influences  during  the  last  two  or  two  and  a 
half  days  of  the  incubation  period. 

These  tests  strongly  suggest  that  under  field  conditions  during 
May  and  June  the  incubation  period  would  vary  from  three  to  five 
days.  Unusual  temperatures  would  undoubtedly  cause  greater 
vanations  in  the  time  of  hatching. 


TIME  REQUIItED  FOB  THE  F(7FA  STAGE. 

•  It  appears  that  weather  conditions  influence  the  restii^  stage 
and  that  this  period  may  be  lengthened  or  shortened  to  such  an 
extent  that  the  insect  is  one-,  two-  or  three-brooded.  As  stated  pre- 
viously '  it  was  believed  that  the  widely  divergent  periods  ^ven  by 
different  authors  as  to  the  time  required  for  the  pupal  stage  of  P. 
brasaiexe  are  due  to  unnatural  surroundings.  It  was  further  thought 
that  placing  pupse  out  of  doors  in  the  soil  would  result  in  a  normal 
period  that  would  be  approximately  similar  for  all  individuals. 
However,  as  already  described,  the  results  of  this  kind  of  breeding 
work  during  1909  and  1910  showed  a  wide  variation  in  the  time  of 
the  pupal  period.  As  the  conditions  of  the  experiment  were  very 
Hmilar  to  those  obtaining  in  the  soil  and  the  results  were  confirmed  by 
field  collections,  it  is  thought  that  these  differences  occur  in  nature. 
Further  ol^ervations  show  that  the  pupal  period  may  be  influenced 
by  such  factors  as  temperature  and  moisture.  The  following  ex- 
periments were  made  to  ascertain  the  importance  of  these  factors 
under  field  conditions. 

Umr.  Am.  All.  4:210.    lOlt. 
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bpfbct  op  dippbkbnt  amounts  of  moibtube  on  pupal  dbtelop- 

MENT. 

Experiment  1,  with  varying  conditions  of  moisture.  —  The  pupae 
were  divided  into  two  lots,  one  of  which  was  placed  in  flower  pots 
out  of  doors  (diBcuaeed  as  lA),  and  the  other  in  glass  fruit  jars  which 
were  placed  in  the  laboratory  (referred  to  as  IB).  The  pupce  used  in 
this  experiment  were  secured  at  the  same  time  from  radish^,  and 
the  conditions  of  experiment  were  imposed  on  June  1st. 

Experiment  lA  was  designed  to  learn  the  effect  of  different  condi- 
tions of  moisture,  keeping  the  other  factors  as  nearly  the  same  as 
possible  and  have  the  experiment  outside,  being  protected  only  from 
rain.  Twenty-five  pupffi  were  placed  in  each  of  the  five  specially 
prepared,  10-inch  flower  pots  on  June  Ist.  The  earth  and  pots 
were  weighed  from  time  to  time  and  water  added  to  bring  the  mois- 
ture content  up  to  the  calculated  amount.  The  soil  was  a  heavy 
clay,  very  similar  to  the  soil  in  many  fields  used  for  growing  cab- 
bE^  in  this  locality.  The  moisture  contents  and  the  emeii^ce  of 
adults  are  given  in  Table  IX. 

Tabli  IX. —  Dates  or  E^bbobncb  of  Aomite  or  Cabbaob  Maqoot  Uniiiib 

I^rrBBBNT  Conditions  or  Moibtubb.  ^ 

(ExpoiimeDt  lA-) 


Varutiotu 
moirture. 

Adults  Ehbbobd. 

Brebdino  Pot. 

Juno  10. 

June  13. 

June  16. 

June  21. 

June  26. 

Perct 

8  to  10 
11  to  15 
20(0  23 

6 

2 

7 

3 
12 

7 
6 
9 

3 

Experiment  IB  was  dedgned  to  test  the  effect  of  moisture  variations 
and  was  made  in  fruit  jars  with  tops  tightly  plugged  with  cotton. 
Both  soil  and  jars  were  weighed.  Four  hundred  gms.  of  earth  and 
15  puparia  were  placed  in  each  jar  except  number  6  which  contained 
25  puparia.  It  was  estimated  that  the  soil  contained  2  per  ct.  of 
moisture  and  this  was  deducted  in  making  up  the  amount  in  each 
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ease.    The  water  content  of  these  jars  and  dates  of  emergence  of 
adults  are  tabulated  in  Table  X. 


(E^MtioiMt  IB. 

VariftUoM 

in 
moutun. 

Jute  10. 

June  11. 

June  13. 

June  16. 

Pera. 
2 
4 
6 
8 
10 
12 
14 
10 
20 
24 

8 

fi 
8 
4 
11 
& 
4 
S 
1 

\ 

RestMa. —  Two  things  are  evident  in  the  results  of  this  experiment: 
1,  That  at  these  temperatures,  variations  in  soil  moisture  alone, 
within  the  limits  of  natural  soil  conditions,  apparently  have  no  effect 
on  the  pupa  that  has  begun  its  development;  2,  the  conditions  of 
temperature  must  have  been  very  near  the  optimum.  It  is  also  <^ 
interest  to  note  tiiat  in  IB,  Jar  1  to  which  no  water  was  added,  only 
two  adults  emerged,  the  development  of  the  other  pupte  being 
arrested.  As  the  earth  used  in  this  experiment  had  been  previously 
baked  for  five  hours  at  a  temperature  of  225°,  it  contained  very  little 
moisture  and  undoubtedly  acted  as  a  desiccator. 

Experiment  S,  with  varying  amounts  of  moisture. —  The  puparia 
were  about  five  days  old  when  the  experiment  was  initiated  on  June 
24th.  Most  of  them  looked  very  dry  and  some  showed  vacuoles 
of  lai^  size.  Water  was  placed  in  the  jars  according  to  the  following 
table  and  10  puparia  and  200  gms.  of  sand  added.  These  jars 
remained  in  the  laboratory  from  June  24th  to  August  16th.  The 
outoide  temperature  during  this  period  ranged  as  high  as  105°  F., 
OD  July  5th,  while  the  average  mft»imiim  temperature  for  this  tune 
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was  88".    From  August  16th  to  Sept.  8th,  the  meectB  were  kept 
ID  a  damp  cellar.    The  data  are  presented  in  Table  XI. 

Tablb  XI. —  ExFESiiaiNT  Sbowino  not  ErniOT  or  VABrma  Amounts  or  MbisTDBi 
OH  Pupa  of  Cabbaob  Magoot. 

[At  room  tempontun  from  June  24  to  Augoat  16.) 


VarU- 
tionin 

Adulm  EiuitaBD. 

NuuBEB  OF  Jab. 

June  24. 

July  1. 

July  3. 

Julys. 

Aug.  16. 

Sept.  8. 

Per  a. 
2 
4 
7 
9 
12 
U 
17 
19 
22 
26 

,  .a  . 

1 
1 

i 

2 
1 

1 
1 
1 
1 

i 

i 

i 

2 

i 

3 
II 

s 

Conclusion. —  From  the  foregoing  data  it  appears  that  increasing 
or  decreaaiog  the  moisture  within  the  limits  of  field  conditions  did 
not  affect  the  insects  after  development  had  started,  for  those  in- 
dividuals that  were  nearly  ready  to  emerge  when  the  conditions 
were  imposed  were  able  to  mature.  The  development  of  the  majority 
of  the  puparia  was  probably  arrested  by  the  hot  weather  prior  to  the 
experiment,  and  during  the  period  of  high  temperatures  when  the 
experiment  was  made  these  insects  were  apparently  not  affected 
by  increasing  or  decreasing  the  amount  of  moisture  in  the  soil.  The 
death  of  many  of  the  insects  appears  to  have  been  due  to  continued 
high  temperatures. 

Experiment  3,  to  dOermine  the  effect  on  pupal  development  of  varying 
amounts  of  moisture  coupled  with  high  temperatures. — The  puparia 
used  in  this  experiment  were  one  to  two  days  old.  They  were  taken 
June  20th  from  about  radishes  that  had  been  collected  seven  days 
previously.  Fifteen  puparia  and  400  gms.  of  air-dry  quartz  sand 
were  placed  in  glass  fruit  jars  with  the  amount  of  water  as  follows: 

There  were  ten  jars,  one  with  oven-dried  sand  and  no  moisture 
added,  three  with  airniried  sand,  no  moisture,  and  ax  jars,  two 
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having  six  per  ct.,  two  ten  per  ct.  and  two  twenty-two  per  ct. 
moisture.  These  jars  were  placed  in  an  incubator  at  a  temperature 
of  93°  F.  but  the  temperature  actu&lly  ranged  from  90*^10  105°  F. 
The  jars  remained  in  the  incubator  from  June  20th  to  July  11th  and 
in  the  laboratory  until  Oct.  24th.  The  test  was  started  on  June 
20Ui.  Two  adults  emerged  on  June  27th  and  two  on  Aug.  8th 
from  one  of  the  jars  containing  air  dry  eand.    No  others  emeiged. 

Condusion. —  The  temperatures  are  too  high  for  the  development 
of  the  pupie,  and  the  addition  of  moisture  makes  conditions  suitable 
for  fungus.  The  fact  that  four  adults  emerged  indicates  the  abihty 
of  some  pupEG  to  withstand  very  unfavorable  conditions. 

Summary  of  the  Tnoiature  experiments. — After  the  puparium  is 
formed  the  rate  of  pupal  development  is  not  hastened  or  retarded  by 
such  changes  in  soil  moisture  as  would  ordinarily  occur  in  this 
region.  Severe  desiccation  arrests  development  while  high  temper* 
atures  are  unfavorable  to  development. 

ETTECT  OF  DIFFERENT   TEMPERATURES    ON    THE    DEVELOPING    PUPS. 

Experiment  4,  to  determine  the  delay  in  pupal  development  by  deep 
burial. —  The  puparia  used  in  this  experiment  were  collected  on  April 
20th  from  about  cabbf^e  stumps.  At  this  time  tile-drained  fields 
were  being  plowed.  The  expenment  was  started  the  following 
day,  or  April  21st.  The  puparia  were  divided  into  four  lots:  one 
lot  was  buried  nine  inches  in  the  soil  while  the  reminder  were  used 
as  controls,  two  of  which  were  placed  in  an  incubator  at  a  temper- 
ature of  TS^-SO*  F.  and  one  in  an  ice  housQ, 


Tablb  XII. 

—  EuBROENCH  or  Adolts  op  Cabbaqi 

BT  DtFRRENT  TsUPBRATURBS. 

Maooot 

MoDimo 

CoHsmoKB. 

No  of 

April. 

Mat. 

JttNK. 

21 

3 

8 

13 

15 

17 

22 

27 

6 

5 

10 

13 

la 

4 

H 

1 

|l 

1 

-1 

3x 

II 

6 

1 

5 

1 

2 
1 

1 

— 

6 

1 

1 

" 



__ 

inadb,  Google 


382    Report  of  tbb  Defariubnt  op  Entomology  of  thb 

ReaidU. —  A  glance  at  Table  XII  will  ahow  that  the  time  of  emer- 
gence was  materially  affected  by  the  different  conditions  of  the  ex- 
perimeat.  As  stated,  the  test  was  initiated  April  2l8t,  and  the 
first  adult  to  emrarge  from  the  lot  buried  in  the  soil  appeared  May 
22nd,  while  the  first  adults  appeared  outside  on  May  8th.  In  other 
words  pupte  buried  to  a  depth  of  nine  inches  emerged  fourteen  days 
later  than  the  earliest  appearing  adults  under  normal  conditions 
in  the  field.  One  lot  required  eighteen  days  and  the  other  thirty- 
two  days  to  go  through  the  same  transformations.  These  data 
jwe  confirmed  to  a  certain  extent  by  another  test '  in  which  infested 
soil  was  plowed  six  or  nine  inches.  In  this  case  there  was  a  difference 
of  ten  days  in  the  appearance  of  adults  in  the  two  ffltuations. 

Experitaeni  5. —  This  was  planned  to  determine  the  effects  <A  four 
different  conditions  of  temperature  upon  the  development  of  pupee. 
Eight  jars  were  prepared  with  one  pint  of  soil  in  each,  the  even 
numbers  containing  fine  sand  just  moist  enough  to  cake  when 
squeezed,  while  the  odd  numbers  contain  the  same  material  air 
dry.  The  puparia  were  taJcen  from  about  radishes  three  days 
previously.  It  is  probable  that  they  varied  from  four  to  five  days 
m  a^.    Ten  puparia  were  placed  in  each  jar. 

Two  important  facts  are  shown  in  Table  XIII.  Some  pupe  in 
a  cool,  m<ust  cellar  appear  to  have  been  enabled  to  finish  their 
development  and  emerge,  while  of  other  pups  retained  at  a  tem- 
perature of  98°  F.,  and  of  another  lot  at  a  temperature  of  80°  to 
89°  F.,  and  an  occa8i<Hial  mn-Timmn  of  95°,  none  emerged.  The  in- 
sects placed  in  the  basement,  which  was  dark  though  not  damp  nor 
as  cool  as  the  wine  cellari  did  not  respond  to  the  change  as  quickly. 
Perhaps  second  in  importance  is  the  fact  that  the  conditions  of 
contfuned  earth,  whether  dry  or  moist,  seem  to  have  had  no  effect 
on  the  emei^nce  of  adults. 

The  actual  number  of  individuals  involved  in  this  experiment  is 
small,  and  standing  alone  it  would  be  lightly  considered;  however, 
this  behavior  is  parallel  to  that  outlined  by  W.  Paspelow*  for 
the  Hessian  fly.  The  results  also  almost  duplicate  those  of  a  dmilar 
experiment  performed  in  1900,  but  not  as  yet  recorded.  In  addition 
there  were  two  other  lots  of  pups  which  were  placed  in  the  wine 
cellar  with  series  7,  Experiment  5,  eight  of  which  behaved  in  tlie 


ilized  by  Google 


Nbw  York  Aqbicdltusal 


eame  manner.  In  contrast  to  this  there  were  several  lots  of  pups 
left  in  t^e  laboratory  aubject  to  the  continued  wann,  dry  weather, 
which  yielded  no  adults. 
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OBSEHrATXONS   INDICATINa   THAT   A    NORMAL    PERIOn    RS8ULTS   WHBN 
OFTDIDH    COHDITIONS   FOR   DEVELOPUENT   OBTAIN. 

In  most  of  the  previous  expenments  the  conditions  have  been 
severe  and  as  a  result  many  pupse  have  died  and  only  a  few  have 
developed.  However,  in  one  experiment,  and  several  times  duiiDg 
our  observations,  there  have  been  indications  of  a  uniform  period. 
In  experiment  IB,  jars  2  to  9  inclusive,  70  per  ct.  of  the  adults  emerged 
during  a  period  of  four  days,  within  twelve  days  after  the  condi- 
tions were  imposed,   and  no  more  adults  and  only  one  parasite 
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emerged  during  the  subsequent  thirty-seven  days.  The  average  of 
the  daily  maximuin  temperatures  for  the  period  of  June  let  to 
13th  was  78°  F.,  and  for  the  minimum  56".  The  aven^  of  the 
same  reading  for  the  period  these  pupie  were  held  in  the  laboratory, 
June  24th  to  31st,  was  83°  and  56°  respectively.  Dining  July, 
1909,  collections  were  made  of  adults  as  they  emerged  from  the 
soil  under  a  cheesecloth  screen.  In  the  unplowed  portion  of  the 
experimental  plat  ^  about  75  per  ct.  of  the  adults  were  taken  during 
a  period  of  seven  days,  while  the  collections  covered  a  period  of 
thirty-two  days.  The  average  of  the  maximum  and  minimum 
temperatures  for  twelve  da^  prior  to  the  first  collection  was  re- 
spectively 83"  and  55°  F.*  These  temperatures  were  taken  at  the 
Station  while  the  collections  were  made  about  wt  miles  distant. 
These  two  instances  show  a  tendency  for  a  normal  developmental 
period,  and  it  is  interesting  to  note  that  the  temperatures  in  each 
case  ranged  near  80°  F.  for  the  maximum  to  55°  for  the  minimum, 

no  PiTP£  tnniER  biuilab  conditioiIs  develop  at  diffbbent  bates? 
That  pupffi  imder  the  same  conditions  behave  differently  has 
been  obvious  all  through  our  studies  of  the  species.  This  is  the  most 
important  pr^nise  in  this  investigation.  Pup£e  in  the  same  breeding 
cage  and  certainly  subject  to  very  similar  moisture  and  temperature 
conditions  do  not  develop  in  the  same  length  of  time.  This  delay 
of  development  is  remarkably  similar  to  the  behavior  of  many 
seeds.  It  is  a  matter  of  common  observation  that  some  weed  seeds 
continue  to  germmate  for  long  periods.  An  experiment  was  per- 
formed by  Nobbe  and  Hanlein°  in  which  the  seeds  of  a  number 
of  weeds  were  placed  under  conditions  favorable  to  germination, 
and  some  of  these  continued  to  germinate  throughout  the  experiment 
which  lasted  1 173  days.  Certain  facta  indicate  a  difference  in  the 
rate  of  loss  of  moisture  in  the  puparia  of  P.  braaauxe.  Referring 
to  experiment  IB,  jar  1,  in  which  fifteen  puparia  were  placed  in 
a  tight  jar  with  very  dry  soil,  two  individuals  showed  a  normal 
development.  Seven  of  these  puparia  were  examined  on  July  2lBt, 
at  which  time  several  of  them  appeared  to  be  alive.  In  tiiis  experi- 
ment,   the    conditions    were   severe.    Unquestionably  deaccation 

'Jour.  Earn.  Enl.,  4:215.     1011. 

■  N.  Y.  Bip.  Sta.  28th  Ann.  R«^t.,  p.  fie9.    1900. 

•Bgt.Gu.42:266. 
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I^ohibited  development  in  thirteen  individuals  and  fuled  to  affect 
tbe  remainder.  Similar  results  were  secured  in  Experiment  6, 
in  which  ten  puparia  were  placed  in  a  porcelain  watch  glass.  The 
experiment  was  initiated  June  27th  and  by  July  6th  one  adult  had 
«nei^$ed,  one  died  in  tbe  act  of  emerj^ng,  while  tbe  other  puparia 
appeared  to  be  very  dry.  The  puparia  in  this  experiment  were 
cert»nly  subject  to  the  same  conditions.  Such  results  have  occurred 
many  times,  and  the  presence  of  a  large  vacuole  in  some  of  the 
retarded  pupee  shows  marked  dedccation.  These  facts  indicate  that 
under  some  conditions  pups  lose  moisture  at  different  rates.  A  num- 
ber of  observations  were  made  upon  the  relative  loss  of  weight  of 
pups  in  a  desiccator  and  in  water  vapor  and  under  other  conditions 
of  dryness.  It  was  determined  that  weight  is  lost  rapidly  when  pupa 
are  subjected  to  dry  air,  as  in  a  warm  room  or  a  desiccator. 


RATE   OF  LOBS   OF   UOISTURG    FROM   INDIVIDUAL  PVPJB. 

Experiment  7. —  For  this  work  eight  pups  were  selected  from 
a  lot  that  had  pupated  during  the  previous  night.  These  were 
ramilar  in  general  appearance  and  »ze.  They  were  weighed  and 
placed  in  a  calcium  chloride  desiccator  for  two  days,  during  which 
time  two  additional  weighings  were  made  as  shown  in  Table  XIV. 
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The  inseote  were  then  placed  in  a  sealed  jar  conttdning  water  vapor 
for  three  days  and  again  w^ghed.  These  figures  indicate  that 
there  was  an  appreciable  variation  in  the  rate  of  daily  loss,  but 
practically  no  difference  in  the  loss  during  two  days.  There  was 
also  considerable  difference  in  the  rate  of  gain  in  weight  in  water 
vapor.  These  figures  are  open  to  criticism  on  account  of  the  diffi- 
culty of  weighing  such  small  amounte. 

As  these  weighings  show  slight  variations  in  the  rate  of  loss  and 
gain,  they  corroborate  the  obeervationa  mentioned  above.  A  slight 
disparity  in  loss  of  water  might  account  in  part  for  the  differences 
in  behavior  by  the  insecte. 

LENGTH  OF  THE  PUPA  STAGE. 

The  peculiar  differences  that  exist  in  the  length  of  the  pupal 
period  seem  to  be  due  to  a  delayed  or  arrested  development  in 
which  some  individuals  are  affected  more  than  others.  This  delay 
has  been  spoken  of  in  entomological  literature  as  retardation,  and 
undoubtedly  it  is  a  form  of  estivation.  According  to  Tower  > 
hibernation  and  eestivation  are  fundamentally  alike,  both  terms 
applying  to  the  same  physiok^cal  process,  the  only  difference 
being  the  factora  which  initiate  them.  He  found  that  in  addition 
to  protoplasmic  changes  L.  decemlineata  lost  30  per  ct.  of  its  weight 
preparatory  te  hibernation,  and  that  uTidecemlineata  in  preparation 
for  ffistivation  in  semitropical  regions  goes  through  the  same  process. 

Thus  it  appears  that  the  loss  of  water  which  enables  the  insect 
to  withstand  extremes  of  temperature  is  a  prerequisite  for  either  con- 
dition. Some  observations  have  been  made  upon  the  rate  of  metabo- 
lism as  affected  by  loss  of  water  in  seeds.  Kolkwits  *  experimented 
with  barley  and  found  that  respiration  decreases  rapidly  as  the  seeds 
lose  moisture  and  that  a  rise  in  temperature  increases  respiration. 

The  ability  of  many  plants  and  animalB  to  withstand  desiccation 
in  some  stage  of  their  existence  is  common  knowledge.  Practically 
all  seeds  and  many  lower  forms  of  animal  life  are  able  to  survive 
certain  unfavorable  periods.  One  who  has  bred  insecte  could  hardly 
fail  to  observe  cases  of  retardation  and  numerous  instances  are  cited 
in  literature.     Lawrence  Bruner  '  in  discussing  the  great  abundance 

*  Tower,  W.  L.  InTwUg&tlon  of  Evolution  in  ChiyKimeUd  Beetle^  pp.  21&-2S2, 
1906. 

•  Jort.  Plent  Phydokwy  Ox.  Ed.  1907,  p.  341. 
■  XT.  S.  D.  A.  Ent.  Bol^  IT.  S:,  Z&,  p.  44, 1904. 
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of  gnshoppera  in  some  years,  states  that  when  run  falls  early 
the  eg^  hatch  much  sooner  thui  when  the  rains  come  later 
in  the  -season.  After  a  late  spring  they  continue  to  batch  after 
each  shower.  During  some  seasons  it  may  be  possible  that  many 
remain  over  untU  the  next  year,  not  hatching  because  of  lack  of 
sufficient  moisture.  He  beheves  that  these  retarded  eggs  help  to 
swell  the  Dumbers  ot  insects  if  the  season  is  favorable  for  hatching. 
This  certfunly  seems  posdble  in  view  of  the  ^cperience  of  C.  P. 
Lounsbury  ^  who  reports  that  locust  e^s  were  known  to  retain 
their  vitality  for  three  and  one-half  years.  Tower  was  of  the  opinion 
that  cert^  species  of  Leptinotarsa  *  in  the  more  arid  portions  of  the 
American  continent  were  able  to  survive  the  prolonged  periods  of 
unfavorable  weather  which  occur  in  these  regions.  To  prove  this 
he  placed  beetles  in  a  dry,  warm  container  where  they  remained 
in  a  condition  of  hibernation  for  about  eighteen  months  or  from  the 
fall  of  1902  until  May  of  1904.  Twelve  to  sixteen  days  is  probably 
the  normal  time  for  development  of  the  pupa  of  P.  braasioE,  though 
periods  of  two  and  three  months  are  reported  by  Slingerland.  In 
our  work  a  delay  of  two  months  in  the  maturing  of  pupse  has  fre- 
quently been  observed  and  in  one  instance  a  fly  emerged  from  a 
pupa  that  was  from  nine  to  ten  months  old.' 

Some  plants  and  animals  exhibit  a  seasonal  or  periodic  behavior 
in  their  daily  and  annual  functions,  and  the  preparation  for  hiber- 
nation of  many  insects  may  be  expl^ned  on  this  baas.  This 
periodicity,  which  is  due  to  an  internal  response,  is  strongly  manifested 
in  some  ot^nisms  and  practically  absent  in  others.  Some  insects 
continue  breeding  without  cessation  when  removed  to  the  greenhouse, 


'  4th  Ann.  Repl.  South  African  Central  Locust  Bureau,  p.  7. 
*  Towa,  W.  L.  Investigation  of  Evolution  in  ChryBomeLd  Beetl 


Id  Beettap,  pp,  246-252, 1906. 
*  A  retutlation  such  as  occurs  with  the  pupa  of  P.  brattiea  bat  long  been  known  to 
occur  in  the  resting  eAuge  of  the  Heaaian  fly.  Most  interesting  in  this  oonnectton  b 
the  iumiDBry  by  Osbom  (U.  S.  D.  A.  Bu.  £nt.  Bui.  16,  n.  s.,  p.  22)  of  a  paper  by 
Dr.  W.  Paapelow  of  the  Agricultural  Institute  at  Moscow.  This  psper  gives  in  bri^ 
the  stray  of  the  broods  during  one  season,  which  is  as  follows:  The  larvn  of  the  spring 
geserstioa  were  numerous,  and  the  greater  portion  of  these  tranaforined  to  the 
poparium  stage  toward  the  end  of  May.  In  the  first  half  of  June  a  number  o!  puparia 
tnmstonned  to  true  pupK,  but  the  principal  portion  (about  70  to  80  pel  rt.)  remained 
fa)  the  paparium  stage  until  the  latter  half  of  August,  when  under  the  bfluence  of 
nin,  the  devdopmeat  was  completed.  That  this  was  a  case  of  retardation  due  to 
U^  temperature  and  a  dry  season  was  proved  by  removing  the  puparia  from  time  to 
time  dunng  the  summer  to  cool,  moist  conditions;  from  whence  adults  emerged  in 
two  weeks.  This  aame  fact  was  proven  by  Marchal  and  is  now  said  by  Webster 
(U.  S.  D.  A.  EnL  Cir.  70,  p.  11)  to  ooeur  regulariy  in  the  southern  part  of  the  UnitMl 
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while  othera  show  seasonal  behavior  although  conditions  for  growtli 
obtain.  To  what  extent  the  hibernation  and  retardation  behavior 
in  P.  brassica  are  affected  by  an  internal  response  cannot  be 
stated.  Our  studies  were  directed  to  determining  the  influences 
of  different  elements  of  the  environment  upon  the  life  of  the  pupa, 
and  no  evidence  was  accumulated  to  show  how  various  factors  in 
the  surroundings  of  the  larva  may  affect  pupal  development.  It 
is  believed,  however,  that  the  conditions  surrounding  the  nearly 
mature  Ihtveg  may  influence  in  an  important  way  the  later  develop- 
ment of  the  pupee. 


1.  Differences  in  soil  moisture  within  wide  limits  do  not  alter 
the  length  of  the  pupal  period  after  development  has  b^un. 

2.  A  marked  deficiency  of  moisture,  alone  or  with  high  temper- 
ature  also,  retards  development. 

3.  A  high  temperature,  such  as  frequently  occurs  during  the 
summer  months  in  western  New  York,  is  unfavorable  to  normal 
growth,  and  seems  to  cause  a  retardation  in  development  which 
may  last  until  low  temperature  returns. 

4.  When  the  conditions  are  severe  or  unfavorable,  the  individual 
pupffi  respond  differently  to  the  same  environment.  Thus,  certain 
pupee  may  finish  ttieir  development  la  a  shorter  time  than  usual 
when  subjected  to  a  high  temperature,  while  others  may  ffistivate 
for  an  indefinite  period. 

5.  Some  data  has  been  accumulated  to  show  that  a  normal  period 
results  for  a  large  percentage  of  the  pups  when  optimum  conditicNais 
for  this  species  obtain. 

NATURAL  ENEMIES. 
Aside  from  hot,  dry  weather  which  is  very  unfavorable  to  && 
insect,  and  is  probably  the  most  formidable  factor  against  its  develop- 
ment and  propagation  in  this  region,  the  cabbage  ma^ot  has  a 
number  of  natural  enemies,  chief  among  which  are  certain  staphylinids 
of  the  genus  Aleochara,  a  cynipid  parasite,  Paeudoeuania  ffiU^«i 
and  a  mite,  Tron^ndium  sp. 
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If  the  theory  proposed  elsewhere  be  accepted,  that  P.  braasioB 
was  brought  into  this  country  in  the  pupa  stage  in  soil  used  as 
ship  ballast,  or  was  introduced  by  means  of  infested  root  crops, 
such  as  turnips,  then  it  would  appear  that  the  various  European 
enemies  which  attack  the  larva  and  pupa  stages  would  probably 
be  imported  in  the  same  way. 

Perhaps  of  most  importance  as  an  enemy  of  the  cabbage  mhggcft 
in  this  community  is  the  staphylinid,  Aleochara  bipuahdata  L,  This 
bpeciea,  which  was  once  thought  to  be  both  predaceous  and  parasitic, 
has  been  discussed  in  literature  under  the  names  nitida,  vema  and 
arUkomyuE.  The  insect  was  named  Aleochara  n-Uida  in  Germany  in 
1802.  Specimens  collected  in  Missouri  were  described  by  Say 
in  1836  as  Aleochara  vema.  In  1869  vema  was  made  a  synonym  of 
nilida  by  LeConte;  but  there  seems  to  be  some  doubt  as  to  this 
classification  as  vema  has  been  recently  listed  by  Fenyes '  as  a  distinct 
species.  The  insect  was  bred  from  papsz  of  brassioE  in  1870  by 
Sprague,  and  in  1880  Barnard  found  the  parasite  very  numerous 
in  Ithaca  and  observed  the  adults  feeding  upon  brassiccB  larvae. 
In  1890  the  beetle  is  mentioned  by  Fletcher.  It  is  also  recorded  by 
Washburn  *  as  having  been  found  in  Minnesota. 

Recently  Wadsworth*  of  Manchester,  England,  has  published 
the  life  history  of  a  staphylinid  parasite  of  the  cabbage  mi^got 
under  the  name  of  Aleochara  Mlineata  Gyll.  He  states  as  a  reason 
for  adopting  this  name  that  of  a  number  of  beetles  reared  from 
puparia  only  one  thread  with  the  description  of  A.  nitida  while 
the  others  were  regarded  as  belonging  to  the  variety  btKneata  Gyll., 
of  A.  nitida.  This  variety  differs  from  the  type  form  in  having 
no  red  spots  at  the  apex  of  the  elytra,  which  are  shinii^  black. 
Wadsworth  states  that  the  young  of  this  insect  hatch  from  the  eggs 
as  free  living  staphyUnid  larvte,  after  which  they  enter  the  puparia 
of  the  cabbage  9y  to  feed  upon  the  pupse  and  that  they  undergo 
a  simple  form  of  hypermetamorphoais  as  a  result  of  their  parasitic 
mode  of  hfe.  He  states  that  there  are  two  generations  about  Man- 
chester, England;  the  adults  of  the  first  generation  emerging  in  May 
and  June  and  those  of  the  second  generation  in  August  and  Sep- 
tember. Ten  to  twenty-five  per  ct.  of  the  puparia  examined  by 
Wadsworth  were  infested  by  Staphylinidse. 

■  EjU.  Newt,  19:04.     1903.| 

<  Minn.  Act.  Exp.  St«.  Bui.  112,  p.  204, 1908 

*Jour.  Beo.  BiU.  Nos.  1  and  2,  1915. 
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Fio.  lit. —  i>i'BUL-iuBAi.  CoMPABiBONS  Or  CaltioitatpU  Tapa  iND  PaaidottieoUa  gitUtlei, 
1,  Male  of  C.  rajHB  (West.).  X  10;  2,  Female  of  C.  rajxt  (West.)  X  10;  3,  Head  of 
male  X  22.5;  4,  Meeonotum  and  scutelJum  of  female  X  32.5;  5,  Ovipoeita'  X  22.5; 
6,  Front  vnng  X  22.5:  7,  Antenna  of  female  X  22.5;  8,  Antenna  of  male  X  22.5;  0, 
Prothorax  of  female  ehoidng  truncation  X  22.5;  10,  Tibia  and  tannia  of  front  leg  X 
22.5;  11,  MaxiUary  and  labial  palpi  of  female  X  50;  12,  Right  mandible  of  male  X 
50;  13,  Left  mandible  of  male  X  50;  14,  Reproductive  apparatus  of  male  X  37.5;  15, 
Segments  3-7  of  female  antenna  X  75;  16,  Segments  3-4  of  male  antenna  X  37.5. 

(From  Epedmens  bred  from  puparia  of  cabbage  maggot,  P.  brairica,  by  Mr.  J.  T. 
Wadaworth,  Northenden,  Engird.  The  material  waa  preserved  in  alcohol,  the  parts 
were  mounted  in  balaani,  drawings   were   made  with  a  camera  lucida.) 

17,  Antemut  of  a  female  (P.  ffilUUeCl  bred  from  a  puparium  of  cabbage  maggot  at 
Geneva,  N.  Y.;  IS,  Antenna  of  a  male  (P.gilUOei)  bred  from  a  pupariimi  of  cabbage 
maggot  at  Medina,  N.  Y. 

(Dnviiiia  by  L.  H.  VIM.) 
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In  our  work  at  Geneva  we  have  frequently  bred  staphylinids 
(Plate  XLI,  figs.  3  and  4)  and  have  found  them  in  such  numbers  about  _ 
injured  cabbage  and  radish  plants  as  to  leave  no  doubt  as  to  the 
nature  of  their  activities  or  their  importance.  In  addition  to 
bipu^ulata  we  have  occamonally  bred  Philontkua  nigrituiua,'^  and 
Homalota  tortUda.  We  have  taken  the  following  species  near  infested 
cabbages,  Tachyporus  jocosus,  an  unknown  Aleochara  sp.  allied  to 
aikala,  Oxytelua  nitidalus  and  Stapkylinua  badtpea. 

From  a  review  of  the  literature  of  the  cabbage  ma^ot,  it  seems 
safe  to  conclude  that  some  of  the  staphylinids  that  attack  the  insect 
in  Europe  are  also  present  in  America.  Our  studies  also  indicate 
that  there  are  a  number  of  species  of  staphylinids,  native  as  well 
as  of  foreign  ori^n,  that  are  predaceous  upon  the  cabbage  ma^^ 

Another  important  pararate  is  the  cynipid  species,  PteudoeueoSa 
giUettei*  Ashm.  (Plate  XLI,  figs,  land  2).  This  insect  has  been 
recorded  by  Washburn  and  Webster  in  Minnesota  and  by  them 
is  called  the  pnncipal  parasite.  The  insect  was  bred  in  considerable 
numbers  by  Webster*  who  prepared  a  table  showing  the  period 
of  emergence  of  the  parasite  as  compared  with  that  of  the  host. 
Of  the  individuals  of  this  lot  of  pupte  36.6  per  ct.  were  parasitized. 
In  our  studies  of  the  cabbage  ma^ot  about  Geneva  ttie  adults 
of  P.  giUeUei  have  frequently  been  bred  and  the  adulta  have  now 
and  then  been  collected  in  crevices  in  the  soil  about  the  roots  ot 
infested  cabbage. 

la  the  accompanying  table  are  the  results  of  a  series  of  collections 
made  in  a  screened  seed-bed  on  the  Station  groimds.  These  results 
are  interestii^,  as  they  tend  to  corroborate  Webster's  observations. 
It  is  very  probable  that  had  later  collections  been  made  the  total 
percentage  of  flies  to  parasites  would  have  been  materially  changed. 

>  DeterminBtioDB  of  tbe  Bpecka  of  StAphylinidB  wore  kindly  made  by  Major  Wm.  T. 
CMoy. 

*  Thia  speeiea  wu  identified  by  Mr.  L.  H.  Weld,  Evtutaton,  III.,  who  rqiOTte  that 
the  innct  has  also  been  reared  from  the  cabbage  maggot  at  Port  Townaead,  Waah., 
Medina  and  Carlton  Station,  N.  Y.,  and  Trenton,  N.  J.  Tbe  fact  that  tbe  cabbags 
maggot  ia  an  iatroduced  ^Mciee  Buggeflted  the  poaaibility  that  the  paradte  il  alim 
o(  foreigii  origin.  CompariaoD  of  specimens  with  CoiiKnatpia  odatoma  Thotnaa 
and  C.  rapct  West.,  obtained  from  Europe,  led  Mr.  Weld  to  bcjiere  that  ibe  eynipid 
in  qnestioD  a  cloiely  related  to  if  not  idciitical  witii  raps.  The  inaecta  ahow  griat 
■milarities,  even  in  anteunal  charactera,  'Pig.  13,  but  owing  to  some  aligfat  difFcmioei, 
due  perfa^M  to  methoda  of  mounting,  it  seema  beat  to  regard  tiiem  aa  dictinot  qmom 
until  ths  types  may  be  examined. 

>  Minn.  Agt.  Exp.  Sta.  Bui.  112,  p.  207,  I90S. 
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Tabu  XV.—  Rblaute  Abuhdamci 

<Adu]t*  of  twDlD«HU  coOecUd  from 

WTMDfid  isblHce  bad.  Gsumi,  N.  T..  1000.) 

Aug.  27. 

Aug.  31. 

Sept  4. 

Sqit.  7.   Sept.  12 

Bept  15 

S-pt  ». 

P.hraitiat...... 

P.  ^BtUti 

27 
2 

24 

2ft 

16 

6 
3 

7 

2 
12 

The  cabbage  fiy  has  another  enemy,  a  mite  that  attacks  its  e^a. 
The  mite  waa  first  recorded  by  Gillette '  who  found  that  three 
mites  would  destroy  an  average  of  twenty-eight  cabbf^  maggot 
^;gs  in  a  day.  Waahbum  records  another  species  T.  sexArum  Say 
in  Minnesota  *  and  Smith  *  found  both  T.  senceum  and  T,  scabnim 
abundant  about  cabbage  plants  in  New  Jersey. 

Trtmibidium  sericeum*  has  been  observed  each  season  about 
cabbages  in  the  vicinity  of  Geneva.  The  mites  have  always  been 
in  evidence  during  the  oviposition  period,  and  frequently  several 
individuals  were  found  about  one  plant.  In  one  small  field  we  have 
known,  during  the  height  of  the  egg-laying  period,  more  than  two 
hundred  eggs  per  day  to  have  been  dep<Mited  by  the  adults  of  the 
cabbage  maggot  about  plants  and  yet  because  of  the  activities  of 
the  mites  with  perhaps  the  assistance  of  other  enemies  young  cabbages 
have  in  spite  of  abundant  oviposition  escaped  with  only  shght 
injuries. 

In  addition  to  the  forgoing  species,  mention  has  been  made 
of  a  number  of  other  enemies  of  doubtful  importance.  Washburn 
bred  a  number  of  hymenoptera  and  collected  some  carabids  which 
were  thought  to  be  predaceous  on  cabbage  maggots.  He  observed 
the  following  species  of  beetles  feed  on  larvs  in  the  laboratory, 
Pterostichua  coradnus,  P.  leucoblandua,  Agonoderue  pallipea  and 
ATnara  imjmneticoUis.  During  the  progress  of  our  studies  we  have 
collected  tliree  common  species  of  ants  *  that  appeared  to  be  pre- 
daceous; Stenamma  brevicome  Mayr.  was  collected  while  transporting 

'Can.  £fl(.  30:133,  1909. 
'  Minn.  Exp.  Ste.  Bui.  100,  p.  8,  1908, 
'  N.  J.  Expt.  Stat.  Rept.  '08,  p.  3S1;  '00,  p.  381. 

'  The  mite  waa  detenuined  by  N&thui  Banks  through  the  IdiidDesa  (rf  Dr.  L.  O. 
Howard  of  th«  U.  S.  Bureau  o(  Entomology. 
*  The  ante  wera  named  by  Dr.  W.  M.  Wheder  of  Buaoy  Inititutjoii,  Harvard 
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cabbagB  maggots;  Formica  Jusca  L.  var.  subaerieea  Say  carrying 
an  adult  of  P.  brassioB,  and  individuals  of  Solenopsit  mole^a  Say 
were  captured  wtiile  conveying  e^s  and  small  larve.  Id  addition 
individuab  of  iMSitta  niger  L.  var.  americanuB  Emery  have  sometimes 
been  \-ery  abundant  near  badly  injured  cabbage  plants.  We  have 
observed  the  carabid  Clivina  impressifrons  in  the  earth  about  infested 
cabbage  plants  for  the  past  several  years. 

FREDA  CEOnS  ENBHIES  OP  THE  ADULT. 

No  enemies  have  been  mentioned  of  the  mature  stage  of  P.  brassica 
and  the  only  po^tive  evidence  that  we  have  that  the  flies  are  subject 
to  attack  by  predatory  forms  is  that  we  have  occasionally  collected 
adults  with  red  mites  attached  to  the  under  sides  of  the  bodies. 
On  one  occa^on  an  anthomyid  <  (Ccenosia  jUmSrona  Stein)  was  txA- 
lected  that  attacked  and  killed  adults  of  braasictE.  The  predaceous 
habit  of  thb  fly  was  discovered  August  23,  1911,  when  one  individual 
was  observed  standing  over  an  adult  of  hrassiaE  with  its  beak  inserted 
into  its  neck.  After  sucking  for  a  few  moments  the  victim  was 
turned  on  its  back  and  the  beak  inserted  in  the  under  side  of  the 
abdomen.  The  fly  HavifTona  killed  eight  other  adults  in  a  period 
of  about  eighteen  hours.  A  few  females  of  hraasiccB  have  been  found 
that  appeared  to  have  been  killed  by  a  fungus  and  this  in  <me  case 
was  determined  by  F.  C.  Stewart  of  this  Station  as  Empuaa  sp. 
This  last  agency  is  certainly  not  important,  or  its  effects  would 
have  been  more  frequently  observed.  As  the  adults  of  braastoB  hide 
a  large  portion  of  the  time  among  weeds  and  in  the  loose  leaves  of 
cabbage,  they  are  doubtless  preyed  upon  by  many  species  of  spiders. 

EXPERIMENTS  FOR  THE  CONTROL  OF  THE  CABBAGE 
MAGGOT. 

DESTRUCTION   OP  ADULTS   BY   POISON   BAIT. 

In  South  Africa  where  the  fruit  fly,  Ceratitia  capilaia,  is  very 
injurious,  C.  W.  Mally  *  tested  among  other  remedies  the  use  of 
poisoned  bait.  He  found  that  a  very  light  sprinkling  over  the  trees 
of  a  mixture  consisting  of  sugar,  arsenate  of  lead,  and  water  almost 
completely  controlled  the  pest.     More  recently  Illingworth  *  states 

'  The  species  was  deternuDed  by  Dr.  P.  Stem,  Treptow,  Ow. 

>  Bzp.  Sla.  Record.  31 :655,  1909. 

■  CorneU  Exp.  St&.  Bui.  324: 161,  1912. 
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that  adulta  of  RhagoUtis  pomoneUa  feed  readily  upon  sweetened  mix- 
tures and  ihat  death  occurs  in  a  few  minutes  when  soluble  arsenic 
is  used.  In  addition  to  the  various  methods  of  eradicating  the 
house  fly,  such  as  removal  of  waste,  etc..  Prof.  C.  F.  Hodge  of  Clark 
University,  Worcester,  Mass.,  proposes  to  attract  and  capture 
the  hibernating  adults  by  means  of  mecfaaDical  devices  in  April 
before  they  are  sexually  mature.  As  only  a  small  percentage 
of  house  flies  survive  the  winter,  and  a  period  now  thought  to  be 
ten  to  fourteen  days  is  required  for  sexual  maturity,  many  indi- 
viduals may  be  captured  by  the  sOH^ed  fly  traps  before  oviposilion 
occurs. 

As  stated  elsewhere  it  is  believed  females  of  P.  braasica  require 
a  period  of  three  to  five  days  to  become  sexually  mature,  and  if  it 
were  posable  to  entrap  or  destroy  them  during  this  interval  later 
injury  would  doubtless  be  avoided  in  proportion  to  the  numbers  of 
flies  destroyed. 

After  the  fondness  of  the  adults  of  P.  brasaica  for  sugar  water 
had  been  learned  experiments  were  made  with  combinations  of 
sweetened  water  and  arsenic.  Flies  confined  in  lantern  globes 
appeared  to  feed  with  the  same  relish  upon  poisoned  water  as  that 
containing  no  poison.  In  general  one  and  one-half  to  two  days 
were  required  for  arsenate  of  lead  to  cause  death,  vbUe  more 
soluble  forms  of  arsenic  were  frequently  effective  in  less  than  two 
hours. 

During  the  season  of  1913  an  effort  was  made  to  determine  whether 
or  not  a  seed-bed  could  be  protected  by  the  use  of  poisoned  bcdt. 
The  formula  used  in  the  preparation  of  the  bait  is  that  recommended 
by  Mr.  Mslly  which  is  as  follows: 

Qieap  molusefl 2  pounda 

Pacta  araenateof  lead 3  ounces 

Wrtw 4g»UonB 

Three  applications  of  this  mixture  were  made  to  a  seed-bed  during 
the  oviposition  period. 

The  adults  of  brassicxe  present  in  this  seed-bed  were  very  closely 
observed,  following  the  application  of  the  poisoned  bait.  They 
seemed  to  be  slightly  attracted  to  the  spray  before  it  dried,  but 
decreasingly  so  thereafter.  Following  each  application  some  of  the 
adults  which  were  observed  to  feed  upon  the  droplets  of  spray  were 
captured  and  taken  to  the  laboratory  for  observation.    These  flies 


New  York  Aqricdltdrai.  EbcpEttiinaar  Station.        395 

Bved  two  weeks  or  longer  and  were  apparently  not  affected  by  the 
poison.  It  was  not  poesible  to  tell  whether  the  treatment  of  arsenate 
of  lead  affected  the  numbera  of  eggs  deposited.  The  negative 
results  obtained  in  the  above  experimeiit  suggested  tests  with 
potas^um  arsenate  instead  of  lead  arsenate  in  preparing  the  poison 
but.  Accordingly  some  poison  bait  containing  potassium  arsenate 
was  sprayed  on  weeds  and  grass  iiomediately  adjacent  to  a  cabbage 
seed-bed  and  shortly  after  some  flies  were  taken  in  the  act  of  feeding 
upon  the  poison  spray,  all  of  which  died  within  an  hour. 

While  the  efforts  to  prevent  oviposition  by  the  destruction  of  the 
flies  have  in  the  main  been  imsuccessful,  our  field  observations  and 
laboratory  experience  taken  together  indicate  that  some  protection 
could  be  obtained  by  attacking  the  insect  in  the  adult  stage.  In  the 
laboratory  the  adults  feed  at  any  time  upon  sweetened  water.  In 
the  field  the  females  have  repeatedly  been  taken  between  7:30 
and  9  A.  M.  at  droplets  of  dew.  If  poisoned  bait  were  distributed 
in  a  field,  undoubtedly  many  individuals  would  be  destroyed  before 
becoming  sexually  mature.  Also  it  seems  probable  that  the  use 
of  arsenic  for  cabbage  worms  as  sometimes  practised  would  destroy 
some  of  the  adults. 

CAPTURING   ADTTLT8   WITH   BTICKT   FLY   PAPER. 

During  1910  tar  paper  disks  or  pads,  to  which  a  ring  of  tanglefoot 
had  been  applied,  were  placed  about  ten  cabbage  plants  that  had 
been  transplanted  several  weeks  and  were  of  good  size.  The  results 
as  measured  by  the  number  of  entrapped  flies,  were  so  satisfactory 
that  other  tests  on  a  larger  scale  were  made  that  season  and  again 
during  1912.  In  these  tests  as  before  adults  of  brassiae  were  captured, 
but  as  a  result  of  cultivation  and  wind  the  sticky  surface  of  the 
pads  soon  became  covered  with  dust  and  ceased  to  be  effective. 
For  this  reason  the  plants  about  which  the  disl^  containing  sticky 
material  were  placed  were  no  better  protected  than  other  plants 
provided  with  untreated  paper  collars.  Mention  is  made  of  these 
efforts  to  call  attention  to  the  fact  that  adults  of  brassicce  were 
entrapped  by  the  means  described.  With  a  material  capable  of 
maintaining  suitable  sticking  qualities  under  field  conditions,  tar 
pads  could  unquestionably  be  rendered  more  effective  than  as 
ordinarily  used. 
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CHEESECLOTH  BCBEENS  POR  THB  PROTBCTION  OF  CABBAGB 
SEED  BBDB. 

For  many  years  farmers  in  various  sections  of  western  New  York 
have  found  it  almost  impossible  to  grow  cabbage  seedlings.  FIe&- 
beetles  attacked  the  leaves  of  the  young  plants  as  soon  as  they 
appeared  above  ground  and  inmiediately  thereafter  the  flies  of  the 
cabbage  ma^ot  deposited  their  egga,  from  which  the  destructive 
larvte  promptly  emei^^  to  attack  the  seedling  plants  at  the  root 
(Plate  XLII).  The  only  means  adopted  by  growers  to  overcome  the 
work  of  these  insects  was  to  secure  plants  from  without  the  State, 
or  to  BOW  lat^  quantities  of  seed  at  varying  intervals  of  time  with 
the  hope  that  some  of  the  beds  would  escape  injury. 

In  1906  and  1907  several  control  measures  were  ^ven  thorough 
trials  at  Seneca  Castle,  and  during  the  latter  year  various  pro- 
tective coverings,  such  as  wire  screen  and  cheesecloth  were  tested. 
The  object  in  emplojnng  screening  was  to  prevent  the  flies  from 
ovipositing  about  the  plants.  The  cheesecloth  had  been  previously 
tried  by  local  growers,  but  with  very  indifferent  success  as  the 
frames  were  not  tight.  In  the  first  experiments  by  this  Station 
care  was  used  to*  make  the  frames  fly  proof  with  the  result  that 
protection  from  the  ma^ots  was  perfect  (Plate  XLV).  It  was  also 
shown  that  injury  by  flea-beetles  was  largely  avoided.  The  teste 
with  cheesecloth  have  been  so  satisfactory  and  conclusive  that 
this  method  of  protecting  seed  beds  has  been  adopted  generally 
by  cabbage  growers  for  at  least  a  portion  if  not  all  of  their  seed 
beds. 

The  experiences  of  farmers  about  Seneca  Castle  during  more  recent 
years  have  corroborated  the  work  of  this  Station  and  have  clearly 
shown  that  the  use  of  tight  frames  covered  with  cheesecloth  of  20  to 
30  threads  to  the  inch  will  entirely  prevent  injury  by  the  cabbie 
maggot,  and  reduce  the  extent  of  injury  by  the  flea-beetle.  In 
addition  to  protection  from  the  foregoing  insects  cheesecloth  helps 
to  conserve  the  moisture  and  prevente  the  soil  from  becoming  in- 
crusted.  Plants  raised  in  screened  beds  grow  faster  during  most 
seasons  and  attain  the  size  desired  for  transplanting  sooner  than 
plants  in  open  beds.  A  survey '  of  farms  about  Seneca  Castle 
showed  that  the  extra  cost  of  protectmg  plants  by  this  method 

•  N.  Y.  Agr.  Eip.  Sta.  Bui.  334,  Iflll. 
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ranged  from  nx  to  twenty  cents  per  thousand,  and  in  the  opinion 
-  oi  many  of  the  growers  this  additional  outlay  is  more  than  met 
by  the  saving  in  seed  over  the  old  method  of  growing  seedlings. 

FBOTECnON  OF  EABLT  CABBAOB. 

For  many  years  truck  gardeners  and  farmers  in  certain  localities 
who  make  a  business  of  growing  cabbage  for  the  early  market  have 
been  unable  to  protect  their  plantings  from  root  maggots.  As  our 
studies  have  shown,  the  growth  period  of  the  early  cabbage  and  the- 
production  and  development  of  the  first  brood  of  maggots  are  coin- 
cidental, BO  that  each  year  a  percentage  of  the  crop,  sometimes 
more  and  sometimes  less,  is  liable  to  be  ruined  or  so  retarded  in 
its  growth  as  to  spoil  its  value  for  the  early  market. 

To  control  the  injurious  activities  of  this  insect  many  remedies 
have  been  reconmiended,  some  of  which  have  been  tried  by  truck 
gardeners  with  a  d^pree  of  success,  but  no  measure  has  been  generally 
adopted  for  the  protection  of  early  cabbage  fields.  As  opportunity 
afforded  preliminary  tests  were  made  by  this  Station  of  a  number  of 
the  more  proouung  control  measures  generally  recommended. 
Among  the  measures  tested,  the  two  that  stood  out  as  being  most 
Bucoessfut  as  well  as  most  practical  were  carbolic  acid  emulsion, 
as  a  hquid  soil  insecticide,  and  tar  paper  disks.  Field  experiments 
were  then  planned  to  test  these  measures  on  a  commercial  scale. 
The  results  of  these  tests  may  be  briefiy  summarized  as  follows: 

Carbolic-acid  emiUsum. —  Laboratory  tests  with  the  material 
demonstrated  that  a  mixture  containing  .33  per  ct.  crude  acid  would 
prevent  the  eggs  from  hatching  and  was  fatal  to  the  larvEB  of  the 
first  and  second  instars  and  to  some  of  the  recently  moulted  indi- 
viduals of  the  third  instar.  However,  when  the  carbohc-acid  emuMon 
was  tested  in  the  field  it  was  found  to  be  injurious  to  tender  seed- 
lii^.  Approximat«ly  50  per  ct.  of  the  treated  plants  died,  and 
the  remaining  plants  were  much  retarded.  Cabbage  plants  which 
had  been  transplanted  several  weeks  and  were  well  established 
showed  no  ill  effect  of  the  treatment.  A  serious  objection  to  this 
method  of  treatment  is  that  in  actual  practice  truckers  do  not  apply 
the  emultdon  until  the  injurious  work  of  the  maf^ts  is  in  an  ad- 
vanced stage,  and  plants  are  damaged  beyond  recovery. 

Te^  with  tar  pads. —  For  a  number  of  years  cooperative  experi- 
ments have  been  conducted  by  this  Station  with  a  number  of  truck 
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growers  near  Geneva  in  order  to  test  tar  paper  dieks  for  the  pro- 
tection of  their  plantings  of  early  cabbage  against  root  m&^pta. 
These  experiments  '■  have  shown  that  the  employment  of  tar  pads 
is  an  efficient  method  of  reducing  losses  to  early  cabbage  from  the 
insects.  The  actual  amomit  of  protection  secured  by  this  means 
has  varied  with  different  farms  according  to  the  severity  of  the 
attacks  by  this  pest,  but  in  plantings  where  the  m^gote  were  abund- 
ant and  very  destructive  a  large  percentage  of  the  plants  protected 
by  the  disks  have  produced  marketable  heads  (Plate  XL VI).  In 
addition  to  reducing  the  number  of  plants  killed  by  the  insects  another 
important  result  of  the  experiments  should  be  noted,  that  the  t^ 
pads  have  largely  prevented  root  injury,  which,  though  not  sufiBcient 
to  kill  the  plants,  may  be  extensive  enough  to  retard  growth,  so 
that  the  crop  fails  to  reach  the  earliest  market  when  usually  the 
highest  prices  prevail.  The  cost  of  protecting  cabbages  by  this 
method  ranges  around  91-^  per  thousand  plants,  which  is  a  small 
item  when  compared  to  the  usual  price  of  e^rly  cabbage. 

METHODS  OF  CONTROL. 

SCBEENINQ   FOR   THE   PBOTECTION   OF   SEED-BEIW. 

In  localities  where  the  injury  ia  confined  to  the  seed>bed  the  use 
of  cheesecloth  is  a  practical  and  economical  means  of  preventing 
loss.  It  is  well  also  to  point  out  that  in  some  years  injuries  by 
maggots  are  supplemented  by  Sea  beetle  work.  These  inaects  attack 
the  seedlings  just  as  they  appear  above  ground  and  frequently 
destroy  the  entire  crop.  Their  work  has  been  discussed  with  that 
of  the  cabbage  ma^ot  in  Bulletin  334  from  which  the  following 
directions,  for  screening  of  seed  beds  as  a  means  of  protection  against 
both  pests,  are  copied. 

SUGGESTIONS  ON   BCRBBNING. 

/The  seed-bed  should  be  located  on  s  fertile,  well-drained  soil, 
where  there  can  be  no  accumulation  of  water  or  washing  under 
the  frame  by  rains.  It  is  also  desirable  to  locate  the  bed  on  land 
known  to  be  free  from  weeds,  and  injurious  insects  such  as  wire 
worms  and  white  grubs.  The  ground  should  certainly  be  free 
from  the  disease  known  as  club-root.  The  soil  should  be  thor- 
oughly cultivated  so  that  it  is  in  good  physical  condition  at  seeding 
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time.  It  is  customary  to  apply  liberal  amounts  of  high  grade 
commocial  fertillEer.  The  seed  should  be  drilled  rather  thickly, 
in  rows  six  or  eight  inches  apart.  When  the  early  varietiee  tk 
cabbage  are  to  be  grown,  the  seed  should  be  planted  during  the 
first  part  of  May  or  even  earlier,  whereas  such  varieties  as  Danish 
should  be  planted  about  May  15th.  Before  the  seed  is  drilled, 
the  comers  of  the  bed  should  be  staked,  so  that  the  frame  can  be 
built  and  the  cheesecloth  applied  before  the  plants  come  up.  This 
is  important  as  tlie  cloth  prevents  the  soil  from  baking  and  coo- 
aerves  the  moisture;  also  if  the  screening  is  delayed  until  after 
the  plants  come  up,  the  plants  are  subject  to  injury  by  the  fleap 
beetle.  Six-inch  boards  will  serve  for  the  frame  though  some 
growers  use  eight  and  ten-inch  boards  with  satisfaction.  The 
cloth  should  not  sag  and  rest  on  the  plants.  This  may  be  pre- 
vented by  stretching  several  lengths  of  wire  from  end  to  end 
of  the  bed.  The  wires  should  not  be  more  than  four  or  five  feet 
apart.  The  wire  can  be  supported  on  stakes  to  which  it  is  held 
by  staples.  It  is  preferable  that  galvanized  wire  and  staples  be 
used  as  rusty  wire  wears  holes  in  the  cloth  at  the  point  of  wm- 
tact.  All  openings  under  the  frame,  due  to  uncvenness  in  the 
soil,  should  be  filled  by  banking  the  earth  against  the  boards.  To 
harden  the  plante  so  they  will  not  wilt  beyond  recovery  when  set 
in  the  field,  the  cheesecloth  should  be  removed  a  week  or  ten  days 
before  transplanting.  It  is  well  to  examine  the  soil  about  the 
plants  at  intervals  of  several  days  after  they  have  been  uncovered 
to  ascertain  if  e^s  are  bdng  deposited.  If  the  eggs  are  numerous 
the  plants  should  be  transplanted  as  soon  as  possible,  the  earth 
being  shaken  from  the  roots,  which  will  dislodge  most  of  the  e^s 
or  young  ma^ots.  When  the  plants  have  reached  a  desirable 
size  they  should  be  transplanted,  as  they  are  liable  to  grow  too 
long  and  spindling. 

TAR  PADS  FOR  PROTECTINO  EARLY  CABBAGE. 
The  value  of  tar  pads  or  hexagonal  tar-paper  collars  for  the  pur- 
pose of  preventing  the  adult  of  the  cabbage  maggot  from  placing 
eggs  about  the  stems  of  the  plants  has  been  well  demonstrated  in 
experiments  discussed  in  Bulletin  No.  382  of  this  Station.  The 
tests  described  show  that  tar  pads  will  protect  early  cabbage  at 
a  small  cost.    Growers  who  are  troubled  by  this  insect  are  urged 
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to  test  this  method  on  their  own  plantii^.  The  directions  tar 
applying  the  protectors  are  given  in  detail  in  the  forgoing  publicatitm 
and  are  briefly  as  follows: 

Truckers  who  intend  to  use  tar  pads  to  protect  their  cabbage 
plants  should  arrange  to  transplant  seedlings  of  good  size  with 
rather  long  stems.  It  is  impracticable  to  adjust  the  disks  about 
small  plants  especially  where  only  the  leaves  protrude  above  the 
soil.  To  secure  the  greatest  benefit  the  tar  papers  should  be  applied 
immediately  after  the  work  of  transplanting,  so  that  the  flies  will 


Fro.  14.— Tar-paper  Pad  and  Tool  pob  CnmNO, 


not  have  an  opportunity  to  oviposit  about  the  plants.  To  adjust 
the  pad,  separate  the  two  edges  of  the  elit  running  to  the  center, 
slip  the  card  around  the  stem  of  the  plant  and  press  it  firmly  against 
the  soil  so  that  it  fits  snugly  about  the  stem  and  the  radial  opening 
is  closed.  It  is  preferable  that  the  tar  pad  should  be  slightly  above 
or  at  least  level  with  the  surface  of  the  soil,  so  that  it  will  not  be- 
come covered  with  soil  during  the  first  washing  rain. 

The  cards  are  cut  in  the  shape  of  a  hexagon  from  roofing  paper 
known  as  "  single-ply  tarred-felt."  They  may  be  purchased  or 
cut  at  home  with  the  tool  shown  in  Fig.  14, 
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fabu  practices  to  prevent  maggot  injury. 

The  cabbage  grower  can  reduce  losses  by  the  cabbage  maggot 
by  the  destruction  of  crop  remnants  at  all  seasons  of  the  year,  and 
by  not  growing  turnips  or  other  succulent  cruciferffi  in  the  autumn. 
There  are  at  least  two  broods  of  the  insect  that  are  numerous  every 
year;  one  in  the  spring  that  infests  cruciferous  weeds,  radishes  and 
early  cabbie,  and  one  during  September  and  October  that  depends 
for  its  food  supply  upon  crop  remnants,  turnips  and  other  field  crops. 
As  a  general  rule  the  work  of  the  fall  brood  of  nu^gots  is  unnoticed 
because  the  creatures  feed  largely  on  sprouted  cabbage  stumps  or 
on  some  field  crops,  the  value  of  which  is  not  seriously  lessened. 
The  spring  brood  of  maggots  attacks  early  cabbage  and  seedlings  of 
late  cabbage  at  a  time  when  they  are  most  susceptible  to  injury. 
This  brood  does  much  damage  and  ia  the  cause  of  considerable  appre- 
hension during  some  seasons  by  growers  of  these  vegetables. 

The  numerous  collections  that  we  have  made  about  turnips, 
cabbage  stumps  and  other  remnants  indicate  that  the  files  that 
emerge  in  the  spring  are  to  a  large  extent  the  adults  of  the  fall  brood 
of  larvse.  In  other  words,  the  presence  during  the  autumn  of  a  large 
acreage  of  succulent  cruciferous  roots,  fumiBbes  food  for  great 
numbers  of  maf^ts  which  emerge  as  adults  the  following  spring 
to  infest  radishes,  early  cabbage,  etc. 

Any  measure  therefore  that  will  lessen  the  amount  of  this  succulent 
food,  such  as  removal  of  the  crop  remnants,  will  tend  to  reduce  the 
numbers  of  maggots  that  develop  in  the  fall  and  consequently  the 
number  of  insects  the  next  year.  From  an  entomoli^ical  standpoint 
it  would  appear  desirable  after  the  cabbage  crop  is  removed  to 
plow  under  the  stumps  or  allow  sheep  to  have  the  run  of  the  field. 
In  communities  where  the  injury  by  the  cabbf^  maggots  is  very 
severe,  present  evidence  indicates  that  swedes,  turnips  and  other 
late  cruciferous  crops  shall  as  far  as  possible  not  be  grown. 

Another  practice  that  has  given  good  results  in  the  production 
of  eeedlingB  for  the  late  crop  of  cabbage  is  the  growing  of  the  seedling 
planta  outside  of  the  cabbage  growing  community.  A  number  of 
large  cabbage  growers  about  Geneva  and  Seneca  Castle,  have  at 
times  arranged  to  have  their  seedlings  grown  several  miles  or  at  a 
greater  distance  from  their  own  farms.  As  a  means  of  obtaining 
seedlings  free  from  injuries  by  the  cabbf^  maggots  and  at  a  reason- 
able coet  this  practice  has  proven  very  successful. 
26 
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THE  LEAF-WEEVIL.* 

iPolydrusus  impresstfront  Gyll.) 
P.  J.  PARnOTT  un>  B.  QLASOOV. 

SUMMARY. 

The  leaf -weevil  (PoIydruMut  impretMifrong  Gyll.)  is  in  Imported 
species  from  Europe  which  was  discovered  hi  1906  in  the  State 
of  New  Yoilc,  where  in  certain  localities  It  has  become  very  abundant. 
Tbo  beede  feeds  on  a  large  variety  of  plants,  apparently  manifesthig 
a  choice  for  willows,  poplars  and  birches.  In  its  native  habitat 
the  insect  has  attracted  only  slight  attention  and  its  life  history 
and  habits  are  not  fully  understood. 

The  insect  is  a  snout  beetle,  light  metallic  green  in  color  and 
about  one-fifth  of  an  inch  in  length.  The  adults  emerge  from  the 
ground  during  May  and  early  June.  Oviposition  begins  soon  after 
the  appearance  of  the  beetles.  The  eggs  are  deposited  under 
loosened  bark  on  dead  stubs  or  about  wounds  due  to  pruning  or 
scars  in  the  bark  resultiag  from  hail  injury  or  attacks  by  insects. 
The  incubation  period  averages  about  eleven  or  twelve  days.  The 
larva  is  a  slender,  legless,  white  grub  which,  when  in  a  recumbent 
positioD,  preserves  a  ventraUy  curved  crescentic  form.  Upon  hatch- 
ing it  seeks  the  earth,  subsisting  on  the  roots  of  plants.  Pupation 
occurs  in  tiie  spring.    The  species  is  single  broodisd. 

As  is  characteristic  of  a  number  of  species  of  the  grotqi  to  iriiich 
It  belongs,  the  damage  by  impreasifron*  is  two^^old:  It  nibbles 
file  developing  buds  of  budded  and  grafted  stock  and  attacks  die 
foliage  and  succulent  tissues,  as  stems  of  newly-unfolded  leaves 
and  stalks  of  terminal  growth.  The  gouging  of  tender  tissues  is 
not  hifrequent^  attended  by  severing  of  leaves  and  destruction 
of  tips  of  shoots. 

The  leaf-weevil  is  subject  to  attack  by  at  least  one  natural  enen^. 
Tliis  is  a  braconid  which  has  been  determined  as  a  new  species 
of  the  genus  Diospilus  Haliday.  During  recent  years  the  parasite 
has  been  quite  abundant  and  apparently  is  exerting  an  important 
repressive  action  on  its  host,  although  it  does  not  yet  enst  in 
sufficient  numbers  to  keep  the  beetle  in  check. 

Protection  from  the  beetle  is  obtamed  by  applications  of  arsenlcali 
at  standard  strengths. 

*  A  reprint  of  Technical  Bulletin  No.  56,  December,  1916. 
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INTRODUCTION. 
The  leaf-weevil  (Pdydrusus  impreasifrona  Gyll.)  is  an  exotic 
insect  and  a  type  of  beetle  that,  by  reason  of  its  bud  and  leaf-eating 
propensities,  is  somewhat  unusual  among  the  pests  of  nursery  and 
orchard  trees.  Owing  to  the  great  numbers  of  the  species  in  certain 
areas  in  this  State,  and  as  knowledge  regarding  the  species  is  very 
meagre  and  successful  control  can  best  be  determined  by  a  thorousji 
understanding  of  its  activities,  the  life  history  and  hiabits  of  the 
leaf-weevil  have  received  careful  consideration.  Besides  affording 
a  more  satisfactory  basis  for  an  estimation  of  its  economic  status 
the  studies  herein  described  have  also  shown  that  the  beetle  is 
quite  amenable  to  treatment. 

RELATIONSHIPS  AND  NATIVE  STATUS. 

CLABBIFICATIOK. 

The  species  which  is  the  subject  of  this  account  belongs  to  the 
Biiynchophora,  a  division  of  insects  which  includes  those  beetles  pop- 
ularly designated  as  curculios,  weevils,  bill-bugs  and  snoutrbeetlee.  No 
group  of  beetles  is  more  strongly  difTerentiated  and  distinct.  The 
most  striking  structural  character  is  the  so-called  snout  or  bill, 
which  is  a  prolongation  of  the  front  of  the  head.  With  some  species 
this  organ  is  slender  and  long,  almost  as  long  or  longer  than  the  body 
of  the  insect;  in  others  it  is  stout  and  strong.  The  antennae  are 
attached  to  the  snout,  while  the  mouthparts  are  situated  at  its  apex. 

The  snout  beetles  as  well  as  the  l^ie  are  plant  feeders.  The 
beetles  are  active  creatures  and  obtain  their  subsistence  by  biting 
into  the  external  surfaces  of  succulent  tissues,  as  tender  leaves, 
f^wing  buds,  etc.,  or  by  gouging  plant  structures  with  their  snouts. 
The  larvse  either  live  free  in  the  soil,  where  they  eat  into  deUcate 
roots  of  plants,  or  exist  buried  in  tissues  w^cb  they  tunnel  and 
destroy.  The  larvie  of  some  species  produce  curling  of  ]eave8  or 
galls  or  other  distortions,  and  in  such  malformations  the  artificers 
reside. 

The  group  contains  a  large  number  of  injurious  species;  and  foreign 
economic  wof-'is,  especially  by  European  writers,  usually  devote 
considerable  attention  to  them.  Taschenberg'  lists  upwards  (^ 
forty  species,  Henschel*  refers  to  eighty  or  more  forms,  while  Hess* 
deals  with  no  less  than  thirty-eight  species.  As  a  rule  American 
writers  in  the  field  of  applied  entomology  have  dealt  to  a  much  less 
extent  with  such  insects,  but  there  are  in  the  United  States  some 
species  of  prime  agricultural  im[>ortance,  as  the  plum  curculio 
{Conotrachelus  iienuphar  Herbst.),  the  apple  curculio  (Anihonomua 

'TaBchmberg,  E.  L.    Eatomolode  fOr  Gfirtner  und  Gartonfreunde.    IS71. 
■  Heiucbel,  Q.  A.  0.    Die  Sch&iUicheQ  Font-  uod  ObrtbMiiii-Iii0i>kte&.    1896. 
*  Hms,  W.    Die  Feinde  dn  Obstbuies.    1892. 
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quadrigiMms  Say),  the  boll  weevil  (AjUhonomus  grandia  Bob.)  etc., 
whicb  are  usually  included  in  etandard  treatises. 

In  hia  memoir  dealing  with  the  species  injurious  to  fruit  trees 
Zimmermana  *  divides  the  snout  beetles  according  to  their  habits 
into  four  groups,  which  are  as  follows; 

Group  1 . —  LarvsB  live  free  in  the  earth  and  obtain  their  subsbtence 
on  pliuit  roots  and  possibly  in  part  from  humus  in  the  soil.  The 
beetles  live  on  fruit  trees  and  injure  them  by  boring  into  or  by 
eating  the  buds  or  by  nibbling  of  the  leaves.  In  this  class  there 
are  grouped  species  of  the  genera  Otiorkynckus  Germ.,  PhyUobius 
Schonh.  and  Polydnisus  Germ. 

Group  S.^  Larvae  live  between  bark  and  wood  and  produce  wind- 
ing galleries  filled  with  wonn-dust  after  the  manner  of  bark  beetles 
of  the  family  Scolyiidte  (Ipidse).  To  this  group  there  belong  species 
of  the  genus  Magdalis  Germ.;  and  some  other  genera  as  Piasodet 
Germ.,  Hylobitts  Germ.,  and  others  of  importance  to  forest  trees. 

Group  S. —  LarvEe  live  in  fruits  and  pupate  in  the  ground.  In 
this  division  there  are  listed  species  of  the  genera  Balaninus  Germ., 
RhynchUes  Schneider,  and  ArUhonomus  Germ. 

Group  If. —  Larvie  feed  in  the  interior  of  buds,  branches  or  in 
clusters  of  rolled  leaves.  In  this  group  there  are  included  species  of 
the  genera  Rhinamacer  Geoffr.,  Rkynckites  Schneider,  and  Anlhono- 
mua  Germ, 

As  will  be  observed,  Polydrusus  impresaifrons  belongs  to  Group  I 
in  this  classification.  Both  the  genera  PhyUobius  and  Polydrusua 
contain  beetles  that  are  very  similar  in  appearance,  ranging  in  color 
from  various  shades  of  brown  to  bluish-green  or  yeUowish^reen 
in  color.  A  number  of  species  are  regarded  as  noxious  insects  becatise 
of  their  habit  of  nibbling  young  opening  buds,  gnawing  blossom 
structures,  thus  preventing  fructification,  and  of  feeding  on  tender 
foliage.  European  economic  literature  usually  devotes  quite  a 
little  attention  to  species  of  both  genera.  Judeich-Nitsche'  discussed 
seven  species  of  the  genus  Pky^ibius  and  two  species  of  the  genus 
Polydrusua,  while  Des  Gozis  •  catalogued  twenty-one  species  in  the 
genus  Polydruaus  alone  as  occurring  in  France.  Species  of  horti- 
cultural importance  that  are  frequently  mentioned  by  foreign 
writers  are  Pkyllobiua  argenlatua  L.  on  beech  (Judeich-Nitsche)  and 
on  apple,  pear  and  cherry  (Hess);  Phyl.  maciUicomis  Germ,  on 
apple,  pear,  cherry,  plum,  oak,  hawthorn,  sloe,  maple,  and  nuts 
especially  (Theobald).;  Phyl.  pyri  L.  on  birch  and  oak  (Judeich* 
Nitsche)  and  on  woodland  trees,  apple  and  pear  (Hess);  Phyl. 
oblongua  L.   on   grafted  nursery  stock   (Ormerod),  eating  apple 

*  Zimmermatm,  Hugo.  Die  Obetbauschidlinge  aui  dor  Familie  da  BHwnllrllfnr. 
pp.  1-20.    1905. 

'Judeich,  J.  F.,  and  Nitsche,  H.     Foratinaekteakimde,  Vol.  I,  pp.  4US-409.    1895. 

>  Dee  Goiia.  Btude  du  Genre  Polydrutiu,  Revue  d'  EntomdopBi  Tons  1,  pp.  151- 
153.    1882. 
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UoBsoms  (Theobald),  on  woodland  trees,  apple,  pear,  cherry,  plum 
and  apricot  (Hess);  Pkyl.  viridicMia  Fabr.  on  beech,  oak,  wUlow, 
aspen,  raspberry  and  pine  (Judeich-Nitsche)  and  on  strawberry 
and  raspberry  (Hess);  Pkyl.  calcaTolits  Fabr.  on  alders  and  black 
currant  (Theobald) ;  Polydrusus  senceus  Schall.  on  various  woodland 
trees,  apple,  pear,  cherry  and  plum  (Hess) ;  P<dy.  ttwUis  Stroem  and 
Pdy.  micana  Fabr.,  while  generally  considered  of  lesser  importance, 
are  occasionally  recorded  as  injurious  species.  Common  as  are  these 
insects  in  the  normal  range  of  their  distribution,  their  habits  and 
life  histories  appear  not  in  all  instances  to  have  been  carefully 
investigated  and  there  is,  for  most  of  the  foregoing  species,  lack  of 
detailed  data  dealing  with  their  activities  aa  shade-tree,  woodland 
or  orchard  pests.  Moreover,  ae  illustrated  by  some  of  the  above 
forms,  the  status  of  the  beetles  as  distinct  species  has  not  been  clearly 
indicated  by  economic  workers,  for  which  reason  several  of  the 
insects  have  been  discussed  under  several  namee. 

ECONOMIC  IMPOBTANCE  AND  HOST  PLANTS. 

It  will  be  noted  that  impresmfrons  is  not  listed  among  the  more 
important  species  of  this  group  of  beetles.  This  fact  constitutes 
an  anomalous  feature  of  this  study  for  it  appears  that  we  are  dealing 
with  a  beetle  that  has  attracted  little  attention  in  its  normal  habitat, 
and  strangely  enoi^h  one  also  which  proves  to  be  the  first  of  a  group 
of  destructive  insects  to  become  thoroughly  established  in  the  United 
States.  Such  economic  writers  as  Judeich-Nitsche,  Nordlinger, 
Kaltenbach,  Hess,  Reh  and  Theobald,  while  they  discuss  the  injurious 
activities  of  a  number  of  associated  forms,  make  no  reference  to  this 
insect.  It  has  however  attracted  the  attention  of  systematic  workers 
as  SehOnherr,'  Redtenbacher,'  Des  Gozis,'  Sclulsky,"  Heyden," 
Everts,"  Heine,"  Bedel,"  and  others,  who  have  Usted  the  insect, 
its  host-plants  and  the  countries  in  which  it  occurs.  Desuing  to 
know  more  of  the  status  as  an  injurious  insect  than  was  indicated  in 
available  Uterature,  a  circular  letter,  soliciting  information  on  the 
creature,  was  sent  to  a  goodly  number  of  entomologists  in  the  different 
countries  of  Europe.  The  apparent  importance  of  the  species  may 
be  jut^^  from  excerpts  from  several  letters.  According  to  Dr.  Mar- 
chal  **  "  the  beetle  is  a  conomon  insect  in  France  on  willows  and 
alders.    It  is  of  no  importance  and  has  never  been  regarded  as  a 

'ScbOnhetr.  C.  J.     Genera  and  Species  CuTCutionidum,  6:230.     1840. 

■  Redtenbacber,  Ludwig.     Fauna  Austriaoa,  Die  KUer,  p.  707.     1858. 

*DeeGoiia.     Revue  d'Entomologie,  Tome  I,  p.  104.     1882. 

■Schibkj,  Julius.     Syatematiachee  Veraeiolmia  der  Kftfer  Deutschlands.      1888. 

"Heyden,  Lucas  von.     Catalogue  der  Coleopteren  von  Siberien.    '1895. 

»  Everts,  J.  E.     Coleoptera  Neerlandica,  3:583. 

"Kleine,  R.     ErUomoloffieehe  BlaOer.  No.  4,  p,  103.     1910. 

■*Bedd,  Louis.    Ck>ltopt«re8  du  Bassin  de  la  Seine,  p.  243.    18S5. 

"  Mnichal,  P.    Letter  of  July  5,  191fi. 
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deetractive  species."  M.  C^ol "  writes  "  that  the  insect  ia  extremely 
commoB  in  Provence,  France.  It  occure  on  bushes,  hedges,  and 
trees,  especially  of  willow,  poplar,  alder,  pine,  hawthorn  and  oak 
and  eats  both  buds  and  young  leaves.  It  is  evident  that  by  reason 
of  its  habits  the  insect  should  be  considered  a  destructive  species, 
but  its  injuries  have  never  been  regarded  as  important."  Zim- 
mermann"  says  that  "the  insect  is  not  very  common  in  Austria  or 
Germany  and  occurs  on  willow  and  alder,"  It  should  also  be  stated 
that  Kleine  ^  lists  the  hazel  (_Corylu8  mieUana)  as  one  of  its  hosts. 
Injuries  to  fruit  trees  appear  not  to  have  been  recorded  but  Rebel" 
writes  that  the  beetle  feeds  on  pear.  While  the  adult  and  some  of 
ita  activities  are  well  known,  facts  regarding  the  life  history  and 
habits  of  the  larval  and  pupal  stages  appear  to  be  meagre,  which 
again  suggest  that  the  economic  status  of  the  species  in  its  native 
haunt  is  not  very  importuit. 

DISTRIBUTION  IN  NATIVE  HABITAT. 

The  leaf  weevil  ranges  over  central  Europe,  which  includes  such 
countries  as  France,  Germany,  Austria,  western  Russia  and  northern 
Italy.  According  to  Bos"  the  species  may  be  observed  in  Belgium, 
althou^  it  seems  not  to  be  very  abundant.  It  is  apparently  rare 
in  HoUiand,  and  has  been  recorded  by  Everts"  only  from  Middle- 
burg.  The  insect  is  not  known  to  exist  in  England,  Scotland  or 
Ireland  or  in  any  of  the  Scandinavian  countries. 

STUDIES  ON  THE  LEAF  WEEVIL. 

niSCOVEBY  AND  IDENTIFICATION. 
The  existence  of  the  leaf  weevil  in  the  State  of  New  York  was 
determined  by  this  Station  during  the  summer  of  1906  when  it  was 
observed  in  large  numbers  on  poplars  and  willows  in  the  vicinity  of 
Geneva.  The  insect  was  moat  abundant  then,  as  now,  in  nursery 
plantations,  where  in  some  instances  the  creatures  literally  swarmed 
over  the  plants,  scarcely  a  tree  being  free  of  them.  A  circular  letter 
was  then  sent  to  owners  of  nursery  plantings  and  nursery  inspectors 
respecting  the  discovery  of  the  leaf  weevil,  which  resulted  in  the 
forwarding  to  the  Station  a  few  days  later  of  gome  specimens  of  the 
insect  from  a  nursery  in  another  part  of  Ontario  County.  These  were 
sent  by  the  nursery  foreman,  who  reported  that  the  beetle  was  in- 
juring roses  and  apples.   Subsequent  efforts  during  ttus  season  estab- 

■*CulloI,  M.     Lett^  of  July  9,  I91S,  thtough  the  aourtMy  of  ProfeeBor  Eugios 
GuilUud,  Maraeillee.  Franoe. 
"  Zimmennaim,  H.    Letter  of  Augvut  7.    1910. 
■■  Kleine,  R.    Entamologischc  BlaOer,  No.  4,  p.  103.    1910. 
"Rebel,  H.     Letter  of  July  6,  1916. 
*Bo8,  J.  RitxemA,  Letter  of  July  6,  1916. 
'Everts,  J.  E.    Coleoptera  NserUndica,  2:583. 
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lished  the  fact  that  the  leaf-weevil  was  already  thoroughly  established 
in  several  counties  in  western  New  York.  As  the  insect  was  appar- 
ently an  introduced  species,  and  was  uot  represented  Id  entomolog- 
ical collections  in  this  country,  specimens  were  forwarded  to  Professor 
Alfred  Giard,  The  Sorbonne,  Paris,  and  to  Dr.  G.  Horvath,  The  Hun- 
garian National  Museum,  Budapest,  who  reported  that  the  beetle 
was  Polydrusus  impreasifrons  Gyll.,  a  species  indigenous  to  Europe. 

METHOD  OF  IMPORTATION. 

As  the  leaf-weevil  is  definitely  known  to  belong  to  the  fauna  of 
the  Old  World,  the  question  naturally  arises  as  to  how  the  insect 
gained  a  foothold  in  the  United  States.  From  a  knowledge  of  its 
Ufe  history,  which  is  later  discussed  in  detail,  it  seems  likely  that  the 
creature  was  transported  in  either  the  larval  or  pupal  stages  in 
earth  about  the  roots  of  foreign-^rown  trees.  As  is  well  known 
there  are  large  importations  into  this  country  of  trees  of  considerable 
size,  which  are  packed  with  such  care  that  the  root  system  and 
Eurrounding  earth  are  practically  intact  as  when  originally  lifted 
from  the  ground.  With  choice  sorts  of  fruit  and  ornamental  trees 
tiie  balls  of  earth  about  the  roots  are  often  of  considerable  weight. 
As  the  insect  hibernates  as  a  larva  and  does  not  pupate  until  late  in 
the  spring,  it  is  safe  to  conclude  that  the  specie8>  could  be  brought 
to  our  shores  in  either  of  these  stages  in  importations  of  nursery 
stock  containing  an  appreciable  quantity  of  the  earth  in  which  the 
[dants  were  grown.  This  explanation  eeems  plausible,  considered 
either  from  the  standpoint  of  the  habits  of  the  insect  or  the  common 
practices  of  the  nursery  trade.  It  is  less  reasonable  to  suppose  that 
the  species  was  carried  in  the  adult  or  egg  steles  since  these  occur 
during  early  summer,  when  importations  of  trees  have  ceased. 
In  considering  the  ease  with  which  impreasifrona  has  been  conveyed 
for  such  great  distances,  the  wonder  is  that  some  of  the  associated 
leaf  weevils  which  are  more  destructive  have  not  been  similarly 
introduced  into  this  State. 

DISTRIBUTION. 

The  leaf-weevil  is  common  about  Waterloo,  Seneca  County; 
Seneca  Castle  and  Geneva  in  Ontario  County ;  ' '  Honeoye  Falls ""  and 
Rochester  Junction  "  in  Monroe  County,  and  Lyons  in  Wayne 
County.  In  these  four  counties  it  is  thoroughly  established  and  one 
experiences  no  difficulty  in  observing  the  species  on  its  preferred 
hosts.  Scattering  numbers  of  the  insect  have  been  collected  as  far 
west  as  Albion  in  Orleans  County.  The  beetle  has  also  been  reported  ** 
to  us  as  occurring  at  Indian  Falls,  Batavia,  Oak  Orchard  Swamp, 

"  ReptHied  by  ProfaaBor  Cyrua  Crosby  and  M.  D,  Leoo&rd,  Cornell  UniverBity. 

*■  Letter  of  July  IS.  1916,  from  Charles  W.  Leng,  New  York  Qty,  giving  the  results 
of  B  ooUe^ting  party,  composed  of  hinudf,  Wm.  G.  Dftvia,  Slatea  bljuid,  and  H. 
H.  Knight,  Cornell  University. 
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LeRoy  and  Portage.  It  is  also  deserving  of  record  that  while  "the 
beetles  were  abundant  in  the  Genesee  Valley,  not  a  specimen  was 
observed  at  Conesus  Lake  which  is  just  east  of  the  Genesee  River." 
By  means  of  correspondence  attempts  have  been  made  to  ascertain 
if  the  insect  exists  on  Long  Island  and  the  eastern  portion  of  the  State 
but  so  far  our  efforts  have  been  unsuccessful.  The  area  of  the  known 
distribution  of  the  leaf-weevil  is  shown  in  the  accompanying  map, 
but  there  is  little  question  but  that  the  insect  exists  over  a  much 
larger  territory  than  is  indicated.    There  is  little  definite  knowledge 


I 
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Fig.  16,— DisTRiEimoN  or  Leap  Wibvii.  in  New  Yobk. 

of  the  occurrence  of  the  beetle  m  other  States  but  collections  of  the 
insect  recently  established  the  fact  that  it  has  secured  a  footing  in 
Connecticut." 

DESCRIPTION  OF  LIFE  STAGES, 
Eta- —  The  egg  (Plate  XLVllI)  is  white,  cylindhcal  and  broadly  rounded  At  the 
ends.  Its  shape  may  be  changed  by  accommodation  to  other  cggB  and  to  aiuroundiDS 
aurfacea.  The  contour  of  the  egg  is  also  leadered  uneven  by  a  mucilaginous  substance 
adhering  to  it  which  is  deposited  at  the  time  of  ovipoaition.  As  the  embryo  matures 
the  egg  gradually  becomes  a  light  lemon  yellow  due  to  the  color  of  the  developing 
embryo.    At  this  time  the  egg  becomes  slightly  concave  on  one  side  as  a  result  irf 

>*  BiittoQ,  W.  E.    16th  Rept.  Conn.  State  Entomologist,  p.  188.   1916. 
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the  increaeed  length  of  the  larva,  which  just  befoM  hatching  becomes  bent,  tiie 

head  being  directed  toward  the  veutnU  side  of  the  body.     Uada  moderately  high 

power  the  Buiface  of  the  ^g  reveals  a  cloee  network  mode  up  of  a  series  of  tiregular 

oorrugations.  The  chorion  ia  a  dedicate  white  membrane  that  is  easily  ruptured  by 
the  larva  in  hatching.  In  this 
operation  a  hole  ia  cut  in  the 
wall  of  the  egg  by  the  mandi- 
bles and  Uiea  enlarged  by  the 
contortions  of  the  larva.  The 
eggs  may  occur  singly  but  aie 
usually  deposited  in  massee, 
attached  to  the  bark  and  to 
each  other  by  threads  of  a 
white  cementing  substance. 
'  There  is  generally  a  fan-shaped 
series  of  Uieee  threads  radiating 
from  the  position  reached  by 
the  point  of  the  ovipositor 
where  this  organ  is  projected 
f  Larva.  btmoath  the  bark.     The  num- 

ber of  eggs  in  a  cluster  is  vaii- 
able,  rangmg   from  a   few  to 
e  hundred.     One  mass  from  a  three-year-old  pear  tree  in  a  uuraery 

row  contained  BJKty-four  eggs.     The  largest  cluster  observed,  which  was  on  whita 

birch,  was  composed  of  one  hundred  twenty  ^gs.   .The  average  measurements  of  the 

egp  are:  LengUi,  0.56  nun.;  and  diameter  ^ut  0.22  mm. 
bona. — At  the  time  of  hatching  the  larva  is  a  slender, 

slightiy    flattened,   I^ess  grub   which   is  covered  wiU) 

numerous  long  stiff  hairs.     The  more  prominent  of  the 

Aonei  hairs  are  from  0.05-0.08  mm.  long  while  those  on 

the  ventral  mde  are  much  shorter.     The  larva  is  at  first 

a  Eght  lemon  ydlow  but  soon  changes  to  white  except 

for  the  large  light  brown  head  which  is  supplied  with  a 

pair  of  prominent  mandibles  that  are  bi-dentate  and  of 

a  somewhat  darker  brown  color.     The  body  is  composed 

ti  thirteen  s^ments,  the  ultimate  segment  being  very   ' 

much   reduced   in  size  and   bearing   fewer   hairs.    The 

^lort,  stiff  hairs  on  the  ventral  side  function  as  o^aua  of   . 

looomotion,  while  the   posterior  end  of  the  alimentary 

canal  when   everted    serves   as  a  sucker  by  which  the 

creature  is  able  to  cling  to  surfaces  that  are  comparatively 

smooth.     Upon  escaping  from  the  egg  the  young  larva, 

which  is  veiy  active  at  this  time,  at  once  begins  to  crawl 

about  and  soon  leaves  the  recess  in  which  the  eggs  were 

placed.    After  reaching  the  open  the  larva  almost  at  once 

lalle  to  the  ground  where  it  buries  itself  b  the  first  crack 

that  it  encountnu.     In  a  state  of  inactivity  the  larva  is 

curved  venb^ly  on  itself,  although  not  Bo  strongly  as  in 

the  later  stages. 
Length  of   newly-hatched  larva   varies   from  0.72  to     Fio.17. — Viimiii.ViBW 

0.80  mm.  and  the  greatest  breadth  from  0.19  to  0.22  mm.  ^p  Larva. 

The  full-grown  larva"  (Figs.  16  and  17)  is  a  legless,  grub-  (EnlarHBd) 

like   creature    measuring  from  4  to  6.5  mm.   long   and 

with  a  breadth  of  from  1  to  1.75  mm.     It  is  white   until  shortly  before  pupation 

when  it  becomes  slightly  yellowish.    The  body  is  newly  cylindrical,  the  ventral  side 

being  somewhat  flattened,  and  it  tapers  toward   the  posterior  end,   the  greatest 

breadth  being  acrom  the  thorax.     When  at  rest  the  body  is  strongly  curved  ventrally 

•Seealsoartideby  W.  D.  Piww.    ^ow.  £«m.  Btrf.,  9:424-^1.    1916. 
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into  a  crcBoentii;  fonn.  lo  the  ground  the  larva  is  found  within  aa  oblong,  earthoi  cett 
which  IB  coEUddarably  larger  tlian  ilself  and  from  one  to  nx  incha  below  the  BurfaM. 

The  hmd  U  somewhat  longer  than  broad,  about  .86  by  .05  mm.,  light  brown  in  ' 
color.  Mandibles  and  epiitoma  dork  reddieh-browu,  tenninal  segments  alto  darka 
than  general  color  of  heid.  Epicranial  and  frontal  sutures  marked  by  light  yellow 
lines.  Labium  and  submentum  li|^t  yelbwish  or  almoet  white.  The  minute,  whit«, 
ooe-jointed  anteuue  ore  placed  just  above  the  base  of  the  mandiblei  at  lower  tad 
of  fmotal  auturs.  Eyea  an  absent  Mandibles  are  strongly  devdoped,  with  two 
Uunt  teeth;  eight  puis  of  hairs  on  epicranium,  one  on  front  and  one  on  epistoma 
oppodte  tiw  anteniuB;  two  pairs  of  large  hairs  on  front  of  labrutn  with  eix  pain  <A 
smaller  huis  on  the  lower  margjas.  One  prominent  hair  on  front  face  of  each 
mandible  situated  about  two-thirda  of  distance  from  tip  to  bMe.  On  each  of  the 
maxilto  \iiete  are  three  large  hairs  on  the  stipes,  one  minute  h^  on  the  basal  segment 
of  tiie  two-jointed  palpus  and  ten  on  the  insw  edge  of  the  lacinia,  five  of  which  are 
broad  and  truncate  at  the  tips,  being  aomewhat  tooth-like  in  appearance.  On  the 
labium  Ukere  are  two  paits  <^  hura  on  the  submentum,  one  large  and  one  minute, 
and  three  pun  on  tiie  mentum,  one  large  pair  on  the  outer  face  in  line  with  the 
two-jointed  palpi  and  two,  which  ore  much  more  minute,  between  the  palpi, 

lie  pToOtorax  bears  a  pair  of  large  obloi^  spiracles,  tiie  long  axis  lying  perpendicular 
to  that  of  the  body;  the  second  and  third  thoracic  segments  are  without  spiracles; 
three  pairs  of  large  and  six  pairs  of  smaller  hairs  appear  on  the  protborax  above  latoaj 
depressedline;  the  same  number  of  hairs,  although  differently  placed,  on  correeponding 
part  of  second  and  third  thomdc  se^^ents.  On  each  of  the  three  segmente  bdow 
the  lateral  line  there  are  two  prominent  fleshy  lobes  bearing  hairs,  two  on  the 
upper  —  one  large  and  one  Bmall  —  and  six  on  the  lower,  of  which  two  are  long  and 
four  are  short.  This  applies  to  all  three  segments  except  that  the  smaller  hair  on  tbe 
upper  lobe  is  [absent  only  on  the  first  segment.  On  the  venter  of  each  segment 
there  is  a  single  pair  of  short,  spine-like  hairs  inclined  to  the  rear. 

The  nbdotnen  ia  composed  of  ten  s^ments  of  which  s^menta  1-8  bear  spiracles. 
Hairs  on  segments  1-7  similar  in  number  and  arrangement.  Beyond  the  seventh 
segment  the  arrangement  of  the  huts  becomes  more  simple  until  on  the  tenth  seg- 
ment, which  is  reduoed  to  four  fleshy  lobes  surrounding  the  anal  opening,  there 
are  but  two  pairs  of  minute,  bristle-like  hairs  located  on  the  lateral  lobes.  In  the 
typical  abdominal  segments  —  segments  one  to  seven  —  the  dorsal  and  lateral  aspecta 
above  the  lateral  depressed  hne  may  be  divided  roughly  into  three  rather  distinct 
lobes.  From  the  dde  the  ant«rior  lobe  is  seen  to  bear  but  a  single  shcsrt  hair  on  the 
dorsum.  The  naiddle  lobe  on  which  the  spiracle  is  located  carries  two  hairs,  one 
long  and  one  rather  minute  above  the  spiracle  and  two  similar  hairs  below,  while 
on  the  poetaior  lobe  there  is  a  series  of  five  haini,  in  a  line  extending  dorao-vantrally, 
made  up  of  three  bng  and  two  much  shorter  units  arranged  oltonately.  Below  the 
latool  line  there  are  two  fleshy  lobes,  the  upper  with  two  hairs,  one  long  and  one 
much  shorter;  the  lower  with  but  a  single  short  hair  similar  to  but  slightly  longer 
than  the  two  purs  of  short  briat!e-like  hairs  on  the  venter.  On  the  eighth  s^ment 
there  are  twelve  pairs  of  hairs  as  against  fifteen  for  the  preceding  segments,  seven 
on  the  ninth  and  but  two  on  the  tenth.  The  ventral  hairs  on  the  ninth  segment 
have  been  reduced  in  number  to  but  a  ungle  pair,  which  ore  oimsiderably  longa' 
than  the  corresponding  hurs  on  the  other  segments. 

Pupa  (Pig.  13,  p.  412).—  Length  3-4JS  mm.,  breadth  1.6-2.6  mm.  Colw  at  first  tmi- 
formfy  white.  As  pupa  becomes  older  it  gradually  changes  to  a  dingy  yellow  color. 
First  the  eyes,  then  the  mandibles  and  later  the  tarsal  daws  become  pigmented  and 
show  through  the  body  wall,  ehanpng  as  the  pupa  becomes  mcffe  advanced  from  » 
light  pink  to  ^most  black  shortly  befors  the  insect  transforms  to  the  adult.  The 
small  round  spiracles  are  located  on  abdominal  segments  one  to  five,  tiie  first  being 
concealed  by  the  wing  pad. 

The  head,  thorax,  I^b,  wing  covers  and  to  a  less  extent  the  abdomen  are  DOvea«c{ 
with  very  minute,  erect,  otosdy  set  hairs.  The  large,  spine-like  hairs  are  b(»ue  on 
DHWe  at  less  prominent  tubercles,  those  located  on  the  thOTBoic  and  abdominal 
segments  being  eepemally  striking.    On  the  head  there  is  a  pair  of  stout  hairs  (Mt 
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Pun  XLVIII.—  EooB  or  Luf  Wbbvil. 
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Plate  LI. —  Popiak  Fouaob  Sbowino  Febdinq  bt  Lbat  Wbbvil, 


Flats  LII. —  Injuries  bt  Iaaf  Weevil  on  New  Gbdwth  of  Willow. 
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PLjtTE  LIII. —  Leaf  Wkevil:  1  and  2,  Injukiib  to  Wili«w  Bum:  3,  OviponnnN 
fliTB;  4,  Bark  Hemovbv  Showino  Eooa;  h.  Portion  op  4,  MAONtFiBD. 
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the  vertex,  two  more  slender  hairs  directly  above  the  eye,  a  Bingle  rather  large  hair 
above  the  eye  at  its  imier  angle  and  a  series  of  four  slander  hairs  in  a  line  ejctending 
along  the  front  of  (he  beak.  A  short  distance  back  from  the  tip  of  the  beak  there 
are  two  haiis.  one  small  and  the  othw  minute,  both  arising  from  the  eame  tubercle, 
while  there  is  a  single  pair  of  very  small  h&in  at  the  extreme  tip  of  the  beak.  The 
inv^orox  beare  luae  pairs  of  h^ni,  four  of  which  are  rather  small,  Hie  other  five 
being  very  large  and  distinct.  Ou  the  meeo-thoran  there  are  five  pairs  of  hairs. 
one  group  oF  thjroe  on  the  dorsum  —  two  large  hairs  with  a  smaller  one  between  —  and 
two  amaller  haiis  at  the  base  of  eaoh  wing  pad.  On  the  third  thra-acio  segment  only 
the  dorsal  group  of  three  is  present.  On  attdominal  segments  there  aie  five  pairs  of 
d<HBal  hairs,  three  very  large  with  two  smaller  ones  set  between,  while  toward  the 
front  of  the  segment  and  above  the  spiracle  there  is  one  prominent  lateral  hair  with 
a  more  minute  one  placed  just  posterior  to  it.  On  the  eighth  segment  but  one  of 
the  Isrge  dorsal  hairs  is  preeent.  The  largN,  lateral  hair  is  also  present.  In  addition 
to  these  there  are  four  pairs  of  minute  hairs  which  do  not  appear  to  correspond  with 
those  on  the  preceding  eegments.  The  ninth  segment  bears  a  psir  of  large  curved 
spines  projecting  to  the  rear,  a  psir  of  minute  dorsal  and  three  very  sm^  lateral 
haira.    The  legs  have  two  long,  curved  hairs  at  the  distal  end  of  each  femur. 

Advlt. — The  adult  (Plate  XLVil)  is  a  rather  slender,  uniformly  light  metallic  green 
beetle,  the  color  being  due  to  minute  scales  which  cover  the  entire  insect  with  the 
exception  of  the  legs  and  antenns.  I^te  in  the  season  individusla  are  often  obsoved 
which  are  considoafaly  darker  than  normal.  This  variation  is  due  to  the  green  scalee 
having  been  rubbed  off  in  patches,  expoedug  the  duk  colored  body  wall  beneatii. 
Hie  males  are  notioeably  smallo^  than  the  females,  otherwise  the  two  Bexee  are 
■jTnilf  in  general  appearance. 

Average  mie  of  male  4.25  mm.  by  1.5  mm.;  of  female  5.5  mm.  by  2.0  mm. 

Tie  insect  was  deecribed"  by  Oyllenhal,  the  translation  being  as  follows: 

Femora  mutioous,  oblong,  black,  fuscous-pubescent,  densely  oovered  all  ovo'  with 
green  scales  which  are  geno^ally  distributed,  antemue  and  legs  pale  1 
vny  short,  frons  impressed. 

Var.  jS.    Color  of  scales  more  brilliant,  greenish  yellow. 

Var.  f.     Color  of  scales  dark  greenish  blue. 


"Schlhiheir.  C.  J.    Genera  et  Species  Curculionidum,  3:140.     1834. 

anlennU  pedibwique  paUide  teitaceit,  roitro  brtvimmo,  fronte  impretsa. 
Pdydrvrat  id.  Dej.  CaUd.  Col.  p.  93.. 

*  Var.  0.  Squamularxmi  colore  magis  splendida,  fiavo  —  virescente. 
Polydnma  teritxjia,  Germ.  Ins.  Spec.  I,  p.  4£2,  No.  5  Teste  Dom,  Schuppd. 

*  Var.  y.  Squamularum  colore  vireecenti  —  coeruleo. 
PtOria:  Gallia.  Germania.  Mub.  Schh.  et  Ghl. 

"P.  fiatipedi  similiimus,  a;gre  distinguendus,  paulo  tamen  minor,  pubeacentia 
Iwevior  et  frons  magia  plana,  sub-impreesa.  Caput  majusculum,  sub-quadratum, 
punotulatum,  nigrum,  dense  viridi-aqnamosum,  front«  inter  oculos  leviter  impreasa, 
cum  puncto  medb  profundius  intruso:  ocuU  parvi,  semi-globosi;  brunnei;  rostrum 
e^wte  angustiua  et  duplo  brevius,  similiter  squamosum. 

^Ti^wni»  thoracis  basm  fere  superant  tenuee  (ota  pallide  teatocete.  Thorax  parvus, 
latitudins  brevior  basi  apiceque  truncatus,  laUdbus  nonnihil  ampliatus,  supra  psrum 
oonrexua,  iatr»  basin  et  apicen  leviter  trsjisveraim  impreesus,  punctulatus,  niger, 
dense  viridi-squamosus.  Scutellum  trisngulore,  viiidi-equamosum.  Elytra  autice 
thcfaeis  baai  dimidio  latiora,  humeris  elevatls  fere  rectangulatia,  apice  oonjunctim 
acuminata,  thorace  sextuplo  longiora,  supra  convexa,  subtilius  punctato-striata, 
interiUtiis  latis,  planis;  nigra,  squamulis  viridibus  tecta  et  pubescentia  brevi  fusca 
Bdspecsa;  in  insterstitiia  striarum  puncta  parva,  eparsa,  nigra,  denudata  observantur. 
Co^ius  Bubtus  punctulatum,  nigrum,  dense  viridi-equamosum.  Pedes  validiusculi, 
toti  paUide  Icatacei,  cinereo-pubeecentee,  ungulis  Batarattus  brunneia. 

Varictates  colore  squamularum  tantum  cUffenmt." 
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"  Very  like  to  and  dtetinguished  with  difficulty  from  P.  flavipet  nevertbdeos  % 
little  amallei,  putKBcenoe  shorter  and  frous  more  flattened,  Hub-tinpreBsed.  Head 
somewhat  larger,  sub-quadrate,  punctata,  bUck,  thickly  covered  wi^  gre«i  scaleB; 
froDS  between  eyes  lightly  impressed,  with  deeper  median  puncture;  eyee  small, 
semigloboae,  brown;  Tostrum  narrower  than  head  luid  half  as  long,  aimiiarly  squamose, 

AntennS  hardly  extending  beyond  base  of  thorax,  slender,  wholly  pale  testaceous. 
Thorax  small,  narrower  than  Uie  base  and  apicaUy  truncate,  somewhat  enlarged 
at  sides,  slightly  convex  on  domim,  within  base  and  apex  slightly  transversely 
impressed,  punctate,  blacji,  densely  covered  with  green  ecales,  Scutellum  triangular 
with  green  scales.  Elytra  one-half  wider  than  base  of  thorax,  hum^  devated, 
almost  rectangular,  with  apex  conjunctly  acuminate,  six  times  longer  than  thorax, 
doiHalty  convex,  finely  punctate-striate,  interBpaces  broad,  flat;  black,  oovra«d  with 
little  green  scales  and  dotted  with  abort,  fuscous  pubescence;  in  the  interspaces  of  the 
furrows  are  observed  small  points,  scattered,  black  and  bare.  Body  beneath  punctate, 
black,  densely  covered  with  green  scales.  Legs  rather  stouter,  entirely  pale  teetaceouB, 
cinereo-pubescent,  claws  rathsr  deep  brown. 

The  vatietiee  differ  only  in  the  oolor  of  the  sealer," 


Fia.  18 — Latebal  and  Vbmtku.  STuucrnHts  of  Pup*. 


food  plants. 
As  is  characteristic  of  many  related  species  Id  their  normal  habitat 
the  leaf  weevil  impreseifrons  may  be  observed  on  a  large  number  of 
different  kinds  of  trees.  This  fact  would  suggest  that  it  is  an 
omnivorous  feeder,  and  observations  indicate  tliat  it  obtains  sub- 
sistence to  some  extent  on  a  goodly  variety  of  trees,  displaying  at 
the  same  time  marked  partiality  for  certain  plants  which  may  be 
designated  as  preferred  hosts.  Among  the  trees  in  nurseries  that 
are  especially  sought  are  birch,  willow,  poplar,  apple  and  pear.  To 
determine  more  closely  the  preferences  of  the  insect  beatings  were 
made  of  these  different  plants  and  from  the  collections  obtained  it 
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appears  that  the  beetle  seeks  birches,  willows  and  poplars  m  the 
greatest  numbers.  If  the  leaf-weevil  manifests  any  choice  between 
any  of  these  plants  the  selection  would  probably  he  with  the  birdi. 
In  breeding  cages  the  beetles  feed  on  birch,  pear,  willow  and  poplar 
leaves  with  httle  evidence  of  any  discrimination  and  always  selected 
any  of  them  in  preference  to  apple  foliage.  Owing  to  the  absence 
of  alders  no  opportunity  was  offered  to  note  the  behavior  of  the 
leaf  weevil  toward  this  plant.  Scattering  individuals  or  occasional 
pairs  in  copula  have  been  collected  at  various  times  on  elm,  linden, 
black  locust,  rose,  hickory  and  black  walnut,  which  in  some  instances 
appeared  to  have  been  feeding  on  certain  of  these  trees,  although 
their  presence  on  them  may  have  been  accidental  and  due  to  the 
close  proximity  of  more  attractive  plants.  None  or  very  few  of  the 
beetles  have  ever  been  observed  on  maple,  box-elder,  horse-chestnut, 
lilac,  syringa,  elderberry  and  various  evergreens,  although  these 
plants  were  growing  in  considerable  numbers  near  preferred  hosts 
which  were  harboring  leaf-weevils  in  great  abundance.  As  previously 
noted  the  insect  in  its  native  habitat  obtains  its  subsistence  from 
willow,  hazel,  poplar,  alder,  pine,  hawthorn,  oak  and  pear. 

OVIPOSmON  HABITS. 

Scars  in  the  trunk  and  larger  branches  due  to  pruning  and  other 
cwises,  as  hail  and  attacks  by  membracids  and  other  insects,  and 
similar  mutilations  of  bark  tissues  are  favorite  retreats  for  the 
females  for  purposes  of  oviposition.  In  tiny  crevices  afforded  by 
such  situations  many  eggs  are  tucked  away,  completely  concealed 
from  view.  Egg-laying  also  commonly  occurs  about  scars  or 
roughened  areas  in  the  bark  formed  by  the  sloughing  off  of  dead  twigs 
and  branches.  Ova  have  been  observed  on  trunks  of  trees  near  the 
ground  and  at  a  height  of  ten  feet  with  old  trees.  They  doubtless 
occur  at  greater  elevations.  With  nursery  or  young  trees  that  are 
subjected  to  annual  pruning  the  stubbed  ends  of  twigs  and  branches 
are  sought  by  large  numbers  of  the  beetles.  As  is  known  the  tissues 
about  the  truncated  ends  of  such  wood  frequently  die,  and  with  the 
loosening  of  the  bark  recesses  develop  between  the  bark  and  the  wood 
core  in  which  great  numbers  of  eggs  are  deposited.  As  many  as 
three  and  four  insects  have  been  observed  on  a  small  stub,  all  of 
which,  with  their  dark  extensUe  ovipositors  thrust  beneath  the 
bark,  were  engaged  in  laying  ^ga.  Under  one  tiny  flap  of  bark  in 
this  situation  as  high  as  one  hundred  sixteen  eggs  were  counted. 
In  one  instance  the  beetles  were  detected  depositing  e^s  in  dead 
branches  that  had  been  removed  by  pruning  and  which  had  been 
left  on  the  ground  as  they  fell.  During  the  spring  the  buds  made 
Bome  growth  before  the  wood  dried,  and,  in  addition  to  the  usual 
positions  for  egg  laying,  the  loosened  bud  scales  showed  abundant 
oviposition.    On  old  trees  e^^  are  frequently  deposited  beneath 
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rough,  Bcaly  hark  on  the  tranks  and  branches.  It  appears  from  our 
observations  that  the  insect  is  not  very  discriminating  as  to  choice 
of  location  for  the  reception  of  the  eggs  as  long  as  dry  cavities  in  the 
bark,  exposed  to  sunlight,  exist  into  which  the  e^s  may  be  pushed. 
(Fig.  3,  Plate  LIII.)  In  breeding  cages  devoid  of  wood  the  creatures 
oviposited  freely  in  the  soil,  placing  the  eggs  in  cracks  or  chinks 
about  small  lumps  of  earth.  The  beetles  were  never  observed  ovi- 
positii^  in  this  situation  in  the  Geld,  however,  and  as  careful  search 
failed  to  find  any  eggs  in  the  soil  it  may  be  assumed  that  this  is  not 
of  normal  occurrence. 

LENGTH  OF  INCUBATION  PEHIOD. 

To  determine  duration  of  the  incubation  period,  sections  of  poplar 
wood  were  placed  in  breeding  cages  in  which  were  confined  goodly 
numbers  of  beetles.  The  insects  were  allowed  the  use  of  the  wood 
for  about  one  day,  when  it  was  removed  and  examined  from  day 
to  day  to  note  conditions  with  respect  to  the  hatching  of  the  eggs. 
The  records  of  four  cages  are  as  follows: 

Cage  I. —  This  cage  was  started  at  4  P.  M.,  June  9,  1914,  and  the 
beetles  were  allowed  to  oviposit  on  poplar  wood  for  one  day.    The 
,  record  of  hatching  is  given  in  the  accompanying  table: 

Dale  of  Obsov&tioii.  No.  d  Eggs.        Length  of  Period. 

4  P.  M.  June  22 2  12  to  13  days 

8  A.  M.  June  23 6  12  1/2  to  13  1/2  daja 

4  P.  M.  June  23 23  13  to  14  diya 

8  A.  M.  June  24  (all  batched) 19  13  1/2  to  14  1/2  Atijn. 

Cage  II. —  This  cage  was  started  at  4  P.  M.  June  17  and  the 
beetles  were  permitted  to  lay  eggs  on  wood  until  8  A.  M.,  June  18. 
The  record  of  hatching  is  shown  in  acwmpanyjng  table: 

Date  of  Observation.  No.  <i  Ess.        Length  of  Period. 

8  A.  M,  June  29 7  U  to  11  1/2  days 

8  A.  M.  June  30 18  12  to  12  1/2  days 

8  A.  M.  July  1 7  13  to  13  1/2  days 

6  P.  M.  July  1 4  13  1/2  to  14  days 

8  A.  M.  Jul;  2  (all  batched) 8  14  to  15  days. 

Cage  III. —  This  cage  was  started  at  8  A.  M.  June  19  and  the 
beetles  were  permitted  to  lay  their  ^gs  on  the  wood  until  6  P.  M. 
of  the  same  day.  The  record  of  batching  is  shown  in  accompanying 
table: 

Date  of  Observation.  No.  of  Eggs.        LmgUi  of  Period. 

8  A.  M.  June  30 16  10  1/2  to  11  days 

6  P.M.  June  30 24  U  to  II  1/2  days 

8  A.  M.  July  1 60  1 11/2  to  12  days     ' 

6  P.  M.  July  1 35  12  to  12  1/2  days 

8  A.  M.  July  2  (an  hatched) 6  12  1/2  to  13  days. 
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Cctge  IV. —  This  cage  was  started  on  June  26  at  4  P.  M.  and  on 
the  following  day  at  11  A.  M.  the  wood,  on  which  the  insects  had 
oviposited,  was  removed  from  the  breeding  cage  and  pl&ced  in  a 
cool  shaded  position  out  of  doors  on  the  north  side  of  the  laboratory. 
Tlie  record  of  hatching  is  shown  in  the  accompanying  table: 

Date  of  Obeerrtiioa.  No.  of  Eggs.       Length  al  Pariod. 

7  A.M.  July  8 10  11  to  12  days 

8  A  M.  July  9  (aU  hatohed) 12  I2tol3dao«. 

From  the  forgoing  records  it  will  be  observed  that  the  period  of 
incubation  average  about  eleven  or  twelve  days.  It  will  also  be 
noted  that  while  all  of  the  eggs  in  each  lot  were  deposited  within 
twenty-four  hours,  hatching  occurred  over  a  period  of  several  days. 

LIFE  mSTOHT  AND  HABITS. 

The  beetles  abandon  the  pupal  chambers  in  the  ground  about  the 
middle  of  May  and  during  early  June.  In  1914  a  few  specimens 
were  first  observed  on  foliage  on  May  26.  Examinations  of  the  insects 
in  the  ground  showed  that  at  this  date  about  fifty  per  ct.  of  them  were 
in  the  larval  stage  and  about  twenty-five  per  ct.  in  the  pupal  and 
adult  stages  respectively.  By  May  28  a  greater  number  of  the 
insects  had  transformed  and  it  was  estimated  that  fifty  per  ct.  or 
a  little  more  were  pupK  and  approximately  twenty-five  per  ct. 
were  in  the  adult  stage.  Extensive  di^i^g,  on  June  8,  of  soil 
beneath  willow  trees  known  to  harbor  large  numbers  of  the  insects 
revealed  only  three  larvae  and  no  pupte  or  adults,  while  the  foliage 
of  the  trees  literally  swarmed  with  the  beetles,  their  numbers  having 
apparently  reached  the  maximum  on  June  3.  It  appears  from  these 
facte  that  during  this  year  the  larger  percentage  of  the  insecte  had 
emerged  by  the  end  of  the  first  week  in  June.  During  1915  the 
larger  percentage  of  the  insects  were  in  the  pupal  stage  on  April  30, 
while  the  remainder  were  largely  larva  with  an  occasional  adult. 
On  May  6  adults  comprised  from  twelve  to  sixty  per  ct.  of  the  insects 
while  the  remainder  were  largely  pupte  among  which  there  were  a 
few  specimens  of  larvse.  The  first  beetles,  few  in  number,  were 
collected  feeding  on  foliage  on  May  10  and  by  May  27  they  were 
very  abundant  on  the  trees.  An  examination  of  the  soil  beneath 
the  trees  showed  that,  although  there  were  no  larvie  or  pupse,  a  few 
beetles  bad  not  yet  made  their  escape  from  the  ground.  The  month 
of  April  during  this  year  was  imusually  warm  and  spring  was  earlier 
than  on  the  average,  which  probably  accounts  for  the  accelerated 
development  of  the  species  as  compared  with  the  preceding  year. 

With  their  appearance  on  the  foliage  the  principal  activities  of  the 
beetles  are  feeding  and  egg-laying,  and  at  all  hours  during  the  day 
for  the  month  of  June  especially  large  numbers  of  the  insecte  may  be 
observed  in   copulation.    Deposition  of  eggs   begaiB  soon  after 
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the  insects  appear  on  the  foliage,  and  in  1914  eggs  were  first  obeenred 
on  May  30.  Oviposition  is  moat  active  during  the  month  of  June, 
although  copulating  beetles  and  eggs  may  be  observed  throughout 
July.  Towards  the  end  of  July  the  numbeiB  of  the  beetles  b«»me 
greatly  reduced,  and  only  a  few  straggling  specimens  may  be  olwerved 
where  hundreds  of  the  insects  existed  earlier  in  the  season.  As 
previously  noted,  hatching  of  the  eggs  occurs  in  a  HtUe  less  than  two 
weeks  after  their  deposition.  The  larvse  on  making  their  escape 
from  the  eggs  seek  the  ground,  and  by  burrowing  into  it  disappear 
from  sight.  They  feed  on  the  roots  of  various  plants  and  pass  the 
winter  in  tiny  cells  or  chambers  in  the  earth.  Transformation  to 
pupal  stage  occurs  in  early  spring.  Pupation  commences  about  the 
last  of  April  in  low,  moist  situations  and  occurs  at  least  a  week 
earher  on  high,  dry  soil.  The  pupal  cell  is  formed  at  varying  depths, 
usually  from  two  to  three  inches  below  the  surface  of  the  ground. 
It  is  much  longer  than  wide  and  approximately  twice  the  length  of 
the  pupa  when  straightened  out.  Measurements  of  one  ceil  were 
6  mm.  long  and  2  mm.  wide,  and  of  the  inmate  3.5  mm.  long 
and  1.5  nun.  wide.  The  cast  larval  skin  is  packed  into  the  lower 
end  of  the  cell.  When  the  cell  is  broken  the  pupa  will  usually  be 
found  continually  revolving  on  its  long  axis  and  pushing  its  back 
against  the  walls  of  the  cell.  Transformation  to  adults  begins 
about  the  middle  and  latter  part  of  May,  and  the  beetles  appear 
during  the  last  week  of  this  month  or  during  early  June. 

LARVAL  ACTIVITIES. 

The  larva  possesses  subterranean  habits  since  its  life  is  practically 
all  spent  in  the  soil.  Soon  after  hatching  it  disappears  from  the 
spot  beneath  the  overhanging  pelUcle  of  bark  where  the  egg  was 
deposited.  Apparently  the  caudal  end  of  the  alimentary  duct 
serves  as  a  sucker,  for  the  creature  is  able  to  propel  itself  on  smooth 
bark  for  some  time,  clinging  principally  by  the  posterior  end  of  the 
body.  Eventually  it  lets  loose  its  hold  on  the  tree  and  drops  to  the 
ground.  Here  it  does  not  seem  to  burrow  directly  into  the  earth, 
but  crawls  about  until  a  crack  or  crevice  is  found  when  the  insect 


Subsistence  appears  to  be  obtained  from  the  roots  of  plants  and 
perhaps  from  humus  in  the  soil.  At  various  times,  while  examining 
the  earth  about  poplars  and  willows,  larval  cells  have  been  observed 
into  which  were  projecting  the  tip  of  a  rootlet  as  if  the  grub  had 
selected  a  single  root  and  had  followed  it  up  according  to  the  progress 
of  its  feeding.  In  nursery  plantations  of  willow,  poplar  and  birch, 
which  had  boon  carefully  cultivated  and  were  therefore  lat^ely  if  not 
entirely  free  from  all  undergrowth,  as  grass  and  weeds,  it  has  seemed 
very  evident  that  the  creatures  obtained  sustenance  from  the  roots 
of  these  trees,  since  there  was  no  other  vegetation  on  which  they 
could  feed.    With  neglected  osier  willow,  growing  alongside  ditches 
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and  streams,  large  numbers  of  larvte  have  been  observed  in  the 
ground  immediately  adjacent  to  the  trunks  of  the  trees  where  grasses 
and  weeds  scarcely  grow,  while  at  more  remote  distances  where  there 
was  more  or  less  undergrowth  the  insects  were  comparatively  fewer 
in  number.  This  would  indicate  that  the  insects  under  these  cii^ 
cumstancea  obtained  food  from  willow  roots. 

About  Geneva  the  larvte  are  very  abundant  in  the  soil  about  nursery 
treee  and  certain  shade  trees,  and  to  determine  the  preferences  of  the 
beetle  for  its  different  hosts,  as  shown  by  the  numbers  of  larvse 
about  them,  collections  were  made  of  the  insects  during  May,  1915, 
when  they  were  largely  in  the  larval  and  pupal  stages.  Except  as 
noted,  the  different  lots  of  insects  were  obtained  from  three  spade- 
fulls  of  earth  taken  about  young  nursery  trees: 

Tabu  I. — Numbsr  of  Iaat-Bbbtlb  Larvae  About  Difvbrbnt  Plasis. 


Host  plant. 

dumber  of  insects. 

Urvte. 

Pup». 

AduHa. 

Total. 

3 

0 
0 
0 
0 
0 
0 
0 
3 
1 
9 
6 
8 
0 
0 

24 
8 
8 

10 

43 

18 
17 

0 

0 
46 

0 
20 
43 
43 

0 
50 

0 
0 
0 
0 
1 
1 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
0 
6 
2 
I 
0 
3 

STT::::;::;:::::::::::::::::::.::: 

Pmt 

51 

In  various  siftings  that  were  made  of  earth  beneath  various 
species  of  willows  it  appeared  that  the  insects  were  considerably 
more  abimdant  about  Uie  weeping  willow  {Scdix  babylonicd),  the 
Wisconsin  willow  (S.  dolorom)  and  the  white  willow  {S.  dbd)  than 
about  the  Kilmarnock  willow  (S.  pendnla),  the  laurel-leaf  willow 
(S.  peniandra)  and  the  pussy  willow  {S.  di»Bol(rr),  or  about  poplars 

27 
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and  bircbee,  although  they  seemed  to  be  more  numerous  about 
birches  than  poplars.  Mention  has  previously  been  made  of  the 
marked  preference  of  the  beetles,  as  judged  by  their  numbers  on  the 
foliage,  for  willows,  birches  and  poplars,  which  is  borne  out  by  the 
relatively  greater  abundance  of  the  larvte  about  these  trees.  It 
will  be  noted  from  the  foregoing  table  that  many  larvse  and  pupte 
were  found  about  young  fruit  trees  of  such  sorts  as  apple,  peach, 
pear  and  plum.  These,  it  should  be  clearly  understood,  were  grow- 
ing in  the  vicinity  of  a  large  row  of  osier  willow  which  was  infested 
with  great  numbers  of  beetles.  That  the  adults  feed  on  the  foliage 
of  apples  and  pears  has  been  conclusively  shown,  and  the  occurrence 
of  goodly  numbers  of  larvEe  about  these  young  trees  indicates  plainly 
that  the  beetles  oviposited  freely  upon  them.  So  far  no  evidence 
has  been  brought  to  our  attention  that  the  insect  breeds  in  com- 
mercial orchards  of  the  different  fruits,  and  rarely  does  one  find 
any  of  the  beetles  in  old  plantings. 

ECONOMIC  IMPORTANCE. 
As  is  characteristic  of  a  number  of  associated  species  of  leaf- 
■  weevils  in  Polydrusus  and  PhyUobius  and  other  genera  in  Europe, 
the  damage  occasioned  by  impresaifrona  is  twofold ;  First,  it  nibbles 
the  developing  buds  of  budded  and  grafted  stock  and  then  it  feeds 
on  the  foliage  and  succulent  shoots  of  a  considerable  number  of 
plants.  The  beetles,  while  small  in  siiie,  are  vigorous  eaters,  especially 
during  the  first  week  or  so  following  their  emergence  from  the  ground, 
and  they  continue  their  feeding  over  a  period  of  six  weeks  or  more. 
A  number  of  them,  when  confined  to  a  relatively  small  feeding  area, 
as  a  tender  unfolding  leaf  of  an  opening  bud,  may  do  considerable 
damage.  The  history  of  these  insects  as  a  group  shows  that  important 
injuries  of  this  character  are  generally  intermittent  and  extreme 
losses  are  of  rare  occurrence.  During  the  ten  years  that  the  species 
has  been  subjected  to  more  or  less  close  observations  by  us,  con- 
spicuous damages  to  buds  have  been  detected  in  only  one  instance 
BSid  these  occurred  during  1912  in  a  targe  block  of  willows  in  a 
nursery  plantation.  The  trees  were  nearly  all  of  a  variety  known 
to  the  trade  as  the  goat  willow  (Salix  caprea),  grafted  to  such  sorts 
as  New  American,  Rosemary  and  Kilmarnock.  The  latter  variety 
suflfered  severely  as  there  were  literally  thousands  of  the  beetles  on 
the  small  trees,  and  not  infrequently  a  number  of  them  were  attack- 
ing the  green  tips  of  a  single  expanding  bud  or  the  clusters  of  small 
unfolding  leaves.  Many  buds  were  killed,  and  those  not  entirely 
destroyed  produced  imperfect  leaf  clusters.  These  initial  injuries 
were  later  a^ravated  by  feeding  of  the  beetles  on  the  margins  of 
the  fully  expanded  leaves.  So  numerous  and  destructive  has  the 
insect  become  in  certain  nurseries  that  the  owners  have  found  it 
necessary  to  resort  to  spraying  during  some  seasons  in  order  to  protect 
their  willOw  plantings.    Besides  being  destructive  the  insects  are 
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during  some  seawns  so  abundant  as  to  be  the  cause  of  considerable 
diBComfiture  by  flying  in  the  eyes  or  faces  of  the  laborers  working 
among  the  trees.  In  its  attaclffi  on  buds  the  beetle  is  apparently 
most  important  to  budded  or  grafted  stock,  which  ia  more  sus- 
ceptible to  injury  because  the  opening  of  the  buds  and  formation  of 
clusters  of  tender  unfolding  leaves  occur  when  the  pest  has  emerged 
in  maximum  numbers.  Unbudded  or  ungrafted  stock  or  trees  would 
naturally  escape  attacks  of  this  character  since  the  growth  period 
begins  considerably  in  advance  of  the  time  when  the  beetles  normally 
appear.  This  difference  in  susceptibility  to  injury  by  impressifrons 
as  shown  by  worked  and  unworked  stock  has  been  noted  for  other 
species  of  leaf-weevils  by  both  Ormerod  "  and  Theobald  **  of  England, 
who  state  that  grafted  plants  in  nurseries  are  especially  liable  to 
attack.  The  latter  writer  in  his  account  of  PhyUdnus  mamdicomU 
and  P.  obhngua  states  that  considerable  damage  was  done  by  these 
species  in  this  way  in  several  parts  of  Kent  during  1908.  With 
various  species  of  leaf-weevils  this  form  of  attack  is  of  common 
occurrence. 

In  its  attacks  on  the  fully  expanded  foliage  impressifrons  feeds 
largely  on  the  marginn  of  the  leaves.  The  character  of  this  form  of 
feeding  is  shown  in  Plates  LI  and  LII,  which  illustrates  the  char- 
acteristic work  of  this  insect.  As  will  be  noted  the  beetles  may 
nibble  along  the  entire  margin  of  the  leaf,  from  the  point  of  the 
attachment  of  the  stem  to  the  apex.  The  injury  in  this  regard 
is  variable.  In  some  instances  it  consists  of  a  slight  gnawing  away 
of  the  entire  margin,  at  least  along  one  side,  in  which,  however,  the 
general  contour  of  the  leaf  is  maintained,  while  in  cases  of  extreme 
damage  the  beetles  may  eat  large  areas  of  the  leaves,  which  become 
quite  irregular  in  outline,  and  occasionally  little  is  left  of  the  original 
surfaces.  With  certain  kinds  of  willows  feeding  by  the  insects  is 
quite  severe  as  most  of  the  leaves  may  be  more  or  less  eaten,  causing 
the  branches  to  present  a  ragged  appearance.  Then  again  the  habit 
of  the  insect  in  attacking  succulent  stems  and  shoots  often  results 
in  the  girdling  and  destruction  of  the  stems,  leaves  and  stalks  of  the 
terminal  growth.  This  type  of  injury  is  especially  common  on 
willow.  From  our  observations  so  far  the  attacks  by  this  insect 
have  only  been  important  with  certain  willows  in  nurseries,  prin- 
cipally budded  and  grafted  stocks,  and  while  more  or  less  evidences 
of  feeding  may  usually  be  detected  on  birches,  poplars,  apples  and 
pears  in  nursery  plantations,  there  has  been  no  indication  of  marked 
damage  with  the  latter  plants.  A  surprising  feature  of  the  insects' 
activities  is  that  while  trees  of  all  the  foregoing  sorts  may  be  said  to 
be  literally  alive  with  the  beetles  the  extent  of  injury  is  in  the  main 
comparatively  unimportant.     With  a  larger  species  of  beetle,  such 

'Ormerod,  E.  A.    Handbook  of  Inaecta  Injurioua  to  Orchard  and  Bush  Fniiti, 
p.  141-145-     1898. 
'TheobaM,  F.  T.    Inseet  P<«ta  <A  fVuit,  p.  118-120.     1909. 
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as  a  June  beetle,  in  such  great  numbers  the  trees  could  hardly  escape 
compJete  defohatioB.  Outside  of  nurseries  the  work  of  the  pest  has 
attracted  no  attention. 

NATURAL  ENEMIES, 

A  common  parasite  of  Polydmsus  impreaaifroTis  is  a  braconid 
(Dioapilus  polydrusi  Gahan)  which  attacks  its  eggs  and  larvBB. 
During  some  seasons  this  species  is  very  numerous  and  active  and 
should  exert  an  important  repressive  action;  although  judging  from 
the  numbers  of  the  leaf  weevil  this  influence  is  not  as  yet  very  marked. 
The  adult  parasites  may  be  observed  soon  after  they  emerge  from 
their  cocoons  in  the  ground  during  early  June  about  the  (Merent 
situations  on  the  trees  selected  by 
impreasifrons  for  the  reception  of 
its  eggs.  Not  infrequently  the 
host  and  its  antagonist  may  be 
observed  in  near  proximity  to 
each  other  and  both  engaged  in 
egg  laying.  Id  this  activity  the 
parasites  are  very  quick  in  their 
various  movements.  They  hurry 
about  over  leaf  and  wood,  test- 
ing with  their  antenme  every 
crack  and  opening  along  their 
path,  and  occasionally  they  stop 
to  unsheath  the  ovipositor  which 
is  then  suddenly  inserted  under 
loose  bark  and  repeatedly  pushed 
into  an  egg  mass  of  the  host. 
The  development  of  the  parasite 
has  not  been  followed  completely. 
Apparently  the  e©;  is  placed  in 
an  egg  of  impressifrons,  and  the 
resultant  larva,  already  in  the  body  of  the  host  when  it  emerges 
from  the  egg,  drops  to  the  ground  with  it.  There  is  but  a  single 
generation  each  year,  the  larva  hibernating  within  the  body  of 
the  host,  where  it  remains  until  May  of  the  succeeding  year. 
After  destroying  the  host  the  tiny  brown  silken  cocoon  is  formed 
within  the  earthen  cell  constructed  by  the  host  larva  and  in  this 
the  parasite  completes  its  development.  In  1914  the  adults  com- 
menced to  emerge  on  June  7  from  cocoons  that  had  been  collected 
May  26  and  kept  in  breeding  cages,  while  by  June  11  they  were 
taken  in  large  numbers  from  trees  on  which  eggs  of  irnvreasifrons 
were  being  deposited. 

The  parasite  has  kindly  been  described  for  us  by  A.  B.  Gahan, 
Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  and  the 
description  appears  in  the  appendix  to  this  bulletin,  p.  422. 


Fio.  19. —  Parasite  {Diotpihu  jnlj/dnui 
Gahan):  a,  Laeva;  b,  Pupa. 

(Enlarged) 


ilized  by  Google 


New  York  Agricultural  Experiment  Station.         421 

methods  of  control. 
Reference  has  been  made  to  the  practice  of  certain  nurserymen  in 
Bpraying  their  ptantationa  when  the  leaf-weevil  is  numerous.  That 
the  operation  rests  on  a  substantial  foundation  has  been  established 
by  experiments  in  both  the  laboratory  and  field;  for  in  all  cases  the 
beetles  have  proven  to  be  quite  susceptible  to  arsenical  poisons. 
Goodly  numbers  of  the  insects  died  during  the  second  day  after  an 
application  of  arsenate  of  lead  at  common  strengths,  while  the 
majority  of  them  succumbed  within  three  days  after  treatment.  A 
small  percentage  lived  in  some  instances  for  nearly  one  week,  but 
they  fed  only  sparingly.  From  these  results  it  is  concluded  that 
should  it  become  necessary  to  combat  the  leaf-weevil  little  or  no 
modification  will  probably  be  required  in  existing  spraying  practices. 
While  in  the  pupa  stage  the  insect  is  especially  delicate  and  usually 
fails  to  complete  its  transformation  aft«r  the  cell  has  been  broken 
open,  even  when  there  has  been  no  mechanical  injury  to  the  insect 
itaelf.  Cultivation,  if  done  with  care  during  midsummer,  or,  better 
during  early  spring,  would  doubtless  prove  very  destraetive  to  both 
larvte  and  pupte. 
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APPENDIX. 

DE8CBIPTI0N  OP  A  BBACONiD  PARASITE  OF  Polydnisus  impresatfrons. 

A.  B.  GAHAN. 

The  braconid  parasite  upon  which  some  interesting  biological  ob- 
servations are  set  forth  in  the  main  part  of  this  bulletin  appears  to 
be  new  and  in  order  to  supply  a  name  it  ia  herewith  described. 

Dioapiiua  potydnui.  new  speciee. — "  This  species  U  easily  aepsrsted  from  the  other 
described  forma  by  ita  smaller  sue  and  the  entirely  smooth  second  and  rotlowing 

Fanak  —  Length  3  mm.  Head  viewed  from  above,  transverse,  a  little  lees  than 
tnice  as  brood  as  long,  the  poeterior  orbits  about  as  broad  as  the  eye-width  and 


rounded  ofi  posteriorly;  vertex,  frons,  and  posterior  orbits  smooth  except  for  a  few 
puncturce  before  and  adjacent  to  the  front  ocellus;  face,  immediately  below  the 
antemue,  with  several  transverae  rugie  or  aciculations  which  do  oat  extend  lat«rad 
beyoud  the  outer  margine  of  the  antemial  foBar  and  which  become  weaker  toward 
the  clypeus,  finally  fading  out  entirely;  the  face  laterally  and  below  polished;  clypeus 
vay  broad,  more  than  three  times  as  broad  as  long,  poorly  defined  lateraUy,  inipunc- 
tale.  ita  anterior  margin  broadly  convex;  malar  space  less  than  the  width  of  a  mandible 
at  base;  anteonas  27-jomted,  the  first  and  second  flagellar  joints  subequal  and  three 
and  one-half  times  as  long  as  thick,  following  jointa  shorter,  the  apical  tea  or  twelve 
joints  aubquadrat«  or  sliKhtly  transverse;  meeoscutum  polished,  the  parapsdal  grooves 
deep  and  strongly  foveate ;  scutellum  smooth,  the  suture  between  it  and  themeeoscutum 
divided  by  only  one  distinct  carina;  mesopleura;  mostly  polished,  the  meeepistemauti 
deep  and  foveolate;  propodeum  rugose,  with  a  more  or  less  evident  irr^ular  transverse 
carinale  line  near  the  middle  and  some  similarly  indeGuite  Ibes  from  this  to  the 
apex;  first  abscissa  oT  radius  short,  not  more  tlun  twice  as  long  as  Uiick;  second 
cubital  oeli  somewhat  longer  on  cubitus  than  on  radius;  first  brachial  oell  not  com- 


Qiqilized  by  Google  _ 


New  York  Agbicultural  Experiment  Station.        423 

pletely  closed  at  apex,  the  p«rt  of  dieookleus  behind  subdiscoideus  ^aced;  abdomen 
about  equal  to  the  thorax  in  length,  ovate,  smooth  and  polidied  except  the  first 
lergite  which  ie  ghiaiug  but  faintly  wrinkled  and  ettongly  bicariuale  on  the  basal 
hall;  ovipositor  2  tam. 

Black;  basal  iialf  of  anteooEe  beneath  brownish  testaceous,  remainder  black;  clypeus, 
Duutdiblea  except  tips,  palpi,  tegulte  and  legs  with  the  exception  of  the  posterior 
famwte  and  tibis  and  Jl  taisi,  pale  testaceous;  hind  femors  and  tibiie  and  all  tars 
etmngly  infuscated.  Wings  hyaline,  the  venation  brownish  testaceous,  paler  at 
base  of  wing;  abdomen  black,  the  dorsum  of  sesments  two  and  three  and  venter 

Male. — Unknown. 

Type  laadily. — Geneva,  New  York. 

Type.— Cat,  No.  20435  U.  S.  N.  M, 

II <M. — Peiydnatit  imprettifron*. 

Described  from  thirteen  specimens  received  by  the  writer  from  the  New  York 
Apimiltural  Experiment  Station.  The  inaects  were  reared  June  15,  1916,  from  the 
larva  of  the  above  named  iioet." 
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MISCELLANEOUS  NOTES  ON  INJURIOUS 
INSECra* 

p.  J.  PARROTT  AND  H.  E.  H0DGKI8S. 
SUMMARY. 

Tlie  fruit  insects  discussed  in  this  bulletin  are  generally  of  minoi 
importance,  thouj^  certain  of  them  reveal  harmful  potentialities, 
and  other  species  are  sufficiently  numerous  in  occasional  years  to 
cause  considerable  damage. 

In  spite  of  warnings  by  this  Station,  the  orchard  ermine  motiis 
Yponomeuta  malinellua  Zell.  and  Y.  padellan  L.  are  being 
itttrodoced  in  large  numbers  into  this  State  by  importations  of 
foreign-grown  nursery  stock.  During  1915  the  number  of  localities 
in  which  the  insects  were  distributed  and  extent  of  nursery 
stock  affected  exceeded  previous  records.  The  infestations  were 
lai^ly  confined  to  apple  seedlings.  Observations  on  mining  of 
leaves  and  other  larval  activities  on  apple  are  in  accord  with  those 
of  foreign  writers  upon  the  species  attacking  this  host. 

The  leaf-weevil  (Anametit  granulata  Say)  is  recorded  as  being 
present  in  destructive  numbers  during  two  different  years  in  plant- 
ings of  young  peach  trees  in  Niagara  county.  The  insects  ate 
opening  buds  ai^  margins  of  unfolding  leaves.  Under  confinement 
eggs  were  deposited  in  clusters  of  three  to  forty  in  concealed 
situations,  as  folded  edges  of  partially-expanded  leaves  or  in  recesses 
caused  t^  a  leaf  bebig  folded  upon  itself. 

Unusual  numbers  of  tiie  larvs  of  the  lesser  peach  borer 
{Synanthedon  picttpes  G.  and  R.)  were  observed  in  1907  and 
1908  m  one  orchard  of  peach  and  plum  trees  at  Bellona.  Some 
circumstances  of  the  attack,  nature  of  injuries  and  habits  of  the 
species  are  briefly  noted. 

Persisting  from  year  to  year  mmoticed  in  the  woodlot  the  lime- 
tree  winter  moth  or  linden  cankerwonn  (Erannia  tiliaria  Harr.) 
appeared  in  conspicuous  numbers  in  1912  in  fruit  plantings  as  well 
as  in  woodlands.  The  history  of  the  insect  indicates  that  it 
occasionally  causes  injuries  in  orchards.  The  peculiarities  of  the 
species  in  a  measure  limit  its  ability  to  be  injurious.  As  cater- 
pillars were  not  observed  in  injurious  numbers  in  well-sprayed 
orchards,  it  is  presumed  that  the  prevailing  system  of  treatment 
with  arsenicals  affords  the  needed  protection  to  fruit  trees. 

*  A  reprint  of  BuUetin  No.  423,  August,  1916. 
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The  goosebeny  fruit-worm  {Zophodia  groatulariee  Packard) 
occasionalfy  attacks  currant  plantations  in  New  York,  effecting  s«rious 
tosses  in  fruit  yields.  The  injuries  are  due  to  the  tunneling  of  the 
berries  by  the  larrc,  vtath  draw  together  fruit  clusters  and  leaves 
by  means  of  delicate  silken  threads.  Usually  several  beny  clusters 
are  drawn  together  to  form  a  nest.  Spraying  with  arsenate  of  lead 
or  paris  green  as  the  earliest  webs  were  forming  gave  a  large  measure 
of  protection  from  damages  by  the  lama. 

In  an  ^ort  to  correlate  the  different  green  fruit  worms  on  apple 
with  the  moflis  of  the  various  species,  specimens  of  a  common  type 
in  one  orchard  were  reared  to  tqaturity,  which  proved  to  be  Craphi- 
phora  alia  Guen6e.    Descriptions  are  given  of  egg  and  larval  instars. 

INTRODUCTION. 
During  the  course  of  their  investigations  the  members  of  the 
Department  of  Entomology  often  have  brought  to  their  attention 
activities  of  noxious  species  of  insects  other  than  those  that  receive 
primary  consideration.  This  results  in  the  accumulation  of  notes 
wliich,  while  incomplete  and  unsuitable  for  independent  publication, 
possess  distinct  value  and  are  worthy  of  permanent  record.  It 
becomes  desirable  from  time  to  time  to  issue  bulletins  which  con- 
tain miscdlaneous  notes  on  various  injurious  insects,  and  this  is  the 
third  contribution  of  the  series.  The  studies  reported  in  this  text 
deal  with  several  species  of  fruit  insects  which  are  discussed  in  the 
following  order: 

1.  The  orchard  ermine  moths  (Yponomeuta  jnaliTiellua  Zell.  and  Y. 
padellus  L.) 

2.  The  peach  leaf-weevil  {AiiaTaelis  gramUata  Say) 

3.  The  lesser  peach  borer  (SyTiarUhedon  pietipes  G.  and  R.) 

4.  The  Ume-tree  winter  moth  {Erannie  tUiana  Harris) 

5.  The  gooseberry  fruit-worra  (Zophodia  grossularia  Packard) 

6.  A  green  fruit-worm  on  apple  (Graphiphora  alia  Guen^e) 

APPLE  AND  CHERRY  ERMINE  MOTHS. 
{Yponomeuia  malineUue  Zell.  and  Y.  padellus  L.). 

OCCURRENCE. 

In  Technical  Bulletin  No.  24  of  this  Station  attention  was  called 
to  the  introduction  of  the  ermine  moths  {Yponomevia  malinellua 
Zell.  and  Y.  padelhts  L.)  into  the  State  of  New  York  through  nursery 
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stock  imported  from  Europe.  The  conditions  of  shipments  from 
abroad  for  the  years  1909-12  with  respect  to  these  motlis  were 
also  indicated.  Since  this  announcement  a  close  supervision  has 
iieen  maintained  over  plantings  of  foreign-grown  nursery  stock  by 
the  Horticultural  Inspectors  of  the  State  Department  of  Agriculture, 
and  the  results  of  the  inspection  show  that  each  year  more  or  less 
of  these  insects  are  still  being  brought  into  this  State,  and  some  of 
them  succeed  in  passing  inspection  at  time  of  unpacking.  Few 
nests  of  the  caterpillars  were  obtained  in  1913,  and  the  small  num- 
bers of  the  insectii  which  were  discovered,  coupled  with  a  similar 
experience  during  1912,  suggested  that  the  more  rigid  inspection 
of  nursery  stock  at  the  point  of  its  origin  was  leading  to  a  decided 
improvement  in  the  conditions  of  importations  with  respect  to  these 
insects.  However,  the  past  two  years  have  witnessed  increasing 
numbers  of  the  caterpillars  in  plantings  of  imported  seedlings. 
During  1915  more  colonies  of  the  ermine  moths  were  collected 
than  ever  before  since  special  precautionary  measures  were  taken 
against  these  insects.  The  distribution  of  the  insects  in  the  State 
of  New  York  and  numbers  of  nests  collected  during  the  past  two 
years  are  shown  in  Table  I. 
Taslb  I. —  Eridnx  Moms  Collected*  in  New  York  Durinq  thd  Ybabb  1SI4-15. 

Number 

D&TG  OF  Cou-xcTiON.  of  HeedliDgs 

with  nests. 


June  9,  1914 >, 

"  12, 19U'. 

"  15,  1914 ». 

"  15.  1914'. 

"  17,1914*. 

"  17.1914*. 

"  17,  1914'. 

"  19,  1914  >, 

"  19,  1914' 

"  20,1914'. 

'  20,  1914 ». 

"  20,  1914' 

"  22,1914'. 

"  25,  1914'. 

"  20,  1914'. 

'  27,  1914*. 

'  27,  1914'. 

'  1,  1915'. 

"  -7,  1916'. 

"  8,  1915', 

"  9.  1915'. 


Apple.. 

Apple.. 
Api^.. 

ARrfe.. 


•  For  lootnots,  sec  p.  427, 

t  Cocoons  were  fonned  and  moths  emoged  on  June  27. 


Orleuui 
DsnsviUe 
Geneva 
Irondequoit 


DtuiBville 

Seneca  Caatle 
Geneva 

Rocheeter 

Dansville 
Dansville 
Dansville 
Daiwnlle 
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Date  or  CouxiTnoK. 


),  1915', 
1,  1915  • 
i,  1915  V 
!,19I5». 
1. 1915». 
1,1915*. 
i.  1915  V 
>,  1915'. 
S.  1915*. 
1, 19I5»- 
>,  1916*. 
'.  I915». 
',  1915*, 
r,  1916*. 
(,  1915*. 
t,  1915'. 
1,1915*. 
1, 1916'. 
1,1915*. 
!,  1915*. 
!,  1915 ». 
1,1915*. 
I,  1915'. 
I,  1915*. 
>,  1915*. 
i,  1915'. 
I.  1915'. 
i,  1915*. 
i,  1915'. 
i,  1915*. 
t,  1915*. 
),  1915*. 
i,  1915*. 
1,1915*. 
!,  1915*. 
!,  1915'. 
(,  1916'. 
1,1915*. 
',1915'. 
i,  1916'. 
1,1915*. 
1, 1915*. 
I,  1915*. 
1, 1915', 


TaBLS  I  (CDHfillW). 

N'lunber  . 

of  spedlinga 
withnwte.  " 


AppIP 

,  Apple., 
j  Appio,.. 
Apple.,. 

Aprfe.., 
Applp. . . 
Apple,,, 

Ap^^:;: 

Apple, , , 

aS 

Apple, , , 
Appte,,, 

Apple.., 

Apple!  : 
Apple... 
Apple, 
Apple.. . 

Apple., , 
Apple... 

Apple! :: 

Apple... 
Ap^, ., 

Apple.  . 

Apple. . , 
Apple.,, 

Ap^... 
Apple, . . 


'  Diuiivilli' 
D&n(<vil1i> 
Brighton 
DuiavilU' 
.  DmirvUIo 
BriiihUtn 
Irondrqiiuit 

Kttafoni 

Duiavilln 

Geneva 

Dvunrille 

PenflDld 

Geneva 

Chili 

Keite«a  Cn«tlc 

Dwunrille 

nansville 

Men  do  a 

Porlnton 

Dftnavllle 

DuuiviUe 

Honeoft  Ciiitln 

BriHhton 

Dtuisville 

OrWnn 

Dannville 

Grovehunt 

Oenevft 

BriKbton 

Httafurd 

Duuvllle 

PenHnld 

Chill 

Mendon 

Henata  OiMtlii 

OrleMta 

DmmvUIa 

OenWM 

Chill 

Mendon 


*  Data  kindly  furnlBhed  by  Dr.  G.  G.  Atwood.  Chief  of  Bureui  of  Ilortfoultura, 
Department  of  AgricultuTe,  Albany,  N.  Y.  Collectioni  of  insect*  were  reportsd  by 
borticulMrel  impectora  aa  fojlowa: 

'  J.  A.  Maney.  *  B.  R.  Blanch.  '  L,  D.  Ithind.  *  J.  A.  Thomion.  *  Thomaa 
Durido.  *  B.  R.  Blanch  and  W.  B.  Freer.  '  B.  R.  Blanch,  W.  B.  Freer  and  Eiuene 
C&ien.  ^ 
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The  number  of  infested  seedling  reported  during  the  past  two  years 
approximates  4223  trees,  of  which  3370  were  collected  during  1915. 
The  colonies  on  the  different  trees  showed  great  variation  in  the 
numbers  of  the  caterpillars  as  shown  in  the  accompanying  figures: 


Tabli 

II. NCHBERS 

OF  Catbbpillass  t 

N  CoLOHica  or  Ebionb  Moths 

Ntjmb«r  of 

Colonies. 

Numbffl' 
of 

uten>iUwB- 

Average 
numWoT 
cat^llan 
peroobay. 

ita 

9.S 

258 

367 

137 

6,340 

1,908 

65 
156 

39 

35 
117 
131 

68 
390 

406 
850 
700 
200 

10  6 

10 

15  6 

16 

7  3 

77 

34 

■ 

__ 

As  will  be  observed,  the  caterpillars  ranged  approximately  from 
three  to  sixteen  individuals  to  a  colony,  all  those  on  a  seedling 
being  considered  as  members  of  one  assemblage,  which  gives  an 
average  of  httle  more  than  seven  of  the  insects  to  a  colony.  In  our 
observations  on  malijiellus  the  smaJlest  number  of  eggs  observed 
in  a  cluster  on  apple  seedlings  was  nine,  and  the  largest  number 
was  eighty-three,  while  the  majority  of  e(%  masses  had  between 
thirty  and  forty  egg?.  There  is,  then,  a  considerable  discrepancy 
between  the  average  number  of  eggs  in  a  cluster  and  the  average 
number  of  larvte  that  has  been  collected  on  seedlings,  assuming 
only  one  ^g  mass  to  a  plant,  which  however  b  not  always  the  case. 
Various  factors  are  doubtless  responsible  for  the  shrinkage,  as  para- 
sitic and  predaceoua  enemies  and  handling  of  nursery  stock.  In 
spite  of  these  losses  great  numbers  of  the  insects  have  appeared  on 
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nursery  trees  in  New  York  and,  with  the  demonstrated  ability  of 
the  creatures  to  survive  the  conditions  incidental  to  the  importation 
of  nursery  stock  from  abroad  and  to  escape  the  ordinary  nursery 
inspection,  it  seems  incredible  that  they  have  not  before  this  suc- 
ceeded in  establishii^  themselves  along  the  avenues  of  trade  in  this 
country, 

EARLY  LARVAl.  ACTIVITIES. 

As  previously  noted,  the  status  of  the  foregoing  moths  as  separate 
species,  mining  habits  of  the  larvie,  range  of  host  plants,  etc.,  are 
not  completely  known.  In  order  not  to  take  any  chances  with  such 
pests  it  has  not  seemed  wise  to  undertake  breeding  experiments  at 
the  Station  with  them  to  obtain  data  bearing  on  some  of  these 
points.  However,  observations  of  infested  apple  seedlings  have 
yielded  some  information  on  the  habits  of  the  creatures,  especially 
with  regard  to  mining  of  the  leaves  by  the  hibernating  larvse,  which 
are  worthy  of  record.  The  early  habits  of  the  young  caterpillars 
have  been  discussed  by  a  number  of  European  investigators  ae 
Lewis,*  Delacour,*  Bissi^re,'  Porchinaki,*  Schreiner,'  and  have  been 
recently  described  in  considerable  detail  by  Mokshetsky.'  According 
to  the  latter  writer  the  hibernating  caterpIUars,  which  are  about 
1  nun.  long,  leave  their  winter  quarters  under  the  protective  crust 
of  the  eg^  when  the  buds  are  opening,  and  hide  among  the  green 
leaflets.  They  bore  into  the  pareachyma  of  the  young  leaf,  begin- 
ning at  the  edge  and  near  the  apex.  Hidden  in  the  tissues  of  the 
leaves  the  creatures  are  invisible  from  the  outside,  but  their  presence 
is  easily  detected  by  the  discoloration  of  the  invaded  areas  of  the 
foliage.  After  two  or  three  days  from  then:  entrance  into  the  paren- 
chynsa  the  affected  leaves  gradually  turn  a  reddish  brown  on  the 
edges  or  near  the  apex,  as  if  nipped  by  frost.  The  leaf  goes  on  grow- 
ing at  lie  base,  while  the  apex  continues  to  grow  browner,  and  the 
brown  spot  grows  ever  laq^r,  occupying  a  larger  area  or  even  the 
whole  of  the  leaf.  The  greater  the  infestation  of  the  orchard,  the 
more  of  such  brown,  seemingly  frost-bitten  leaves  are  visible  on  the 
^ple  trees  before  or  soon  after  blossoming.    A  close  investigation 

I  Traiu.  Ent.  Soe.  London  I  :  21-22,  1836. 

'  EsMi  our  les  Inaectee,  1850.  p.  296. 

>  Bui.  d'  Iiuecfailf^e  Agrioole,  No.  4,  p.  83,  1S7S. 

*  iDMcts  Destouclive  to  Uie  Orchard  Ja  Crimea,  1880 
■  Tbe  Apple  Moth  and  Meani  to  Fight  It,  1890. 

•  The  Apple  Uoth,  pp.  ^-34, 1907. 
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shows  that  the  browning  results  from  the  loss  of  the  parenchyma, 
which  seems  to  be  all  eaten  out,  beginning  from  the  apex  of  the 
leaf,  and  only  the  epidermis  remans,  forming  a  few  inflated  cavities 
or  mines.  The  skin  is  easily  torn  and  within  the  mine  there  will 
be  detected  the  tiny  caterpillars  grouped  on  the  borders  of  the 
cavity,  while  the  area  behind  the  creatures  is  full  of  fine  black- 
brown  dufit  of  the  excrement.  If  a  leaflet  proves  insufficient  for 
the  nourishment  of  an  entire  colony,  the  caterpillars  abandon  it 
and  mine  a  neighboring  one.  In  this  way  the  number  of  brown 
leaves  toward  the  time  of  the  blossoming  of  the  cqiple  trees  grows 
ever  greater.  Later  on  these  leaves  wither  and  fall  off.  The  mining 
stage  of  the  young  caterpillars  lasts  about  two  weeks,  and  the  time 
of  their  exit  coincides  in  a  general  way  with  the  full  blossoming 
of  the  apple  tree.  With  the  conclusion  of  the  flowering  period  the 
caterpillars  enter  upon  another  phase  of  activity  which  has  been 
designated  the  skeletonizing  stage.  They  establish  themselves  on 
the  upper  surfaces  of  the  leaves,  being  concealed  in  a  light,  trans- 
parent, greyish  web,  which  may  be  attached  to  the  lower  sides  of 
the  leaves  above  them.  The  caterpillars  feed  on  the  leaves,  con- 
suming the  pulpy  tissues,  and  leaving  only  a  skeleton  of  veins. 
The  skeletonizing  stage  lasts  about  one  week,  when  the  caterpillars 
pass  up  in  whole  colonies  to  the  tips  of  the  highest  branches,  which 
they  first  surround  with  a  web,  fonning  a  nest;  this  they  continually 
enlarge  by  seizing  new  leaves  and  enveloping  them  with  silken  threads. 
Observations  of  the  young  caterpillars  at  Geneva  during  1916 
showed  that  they  remained  sheltered  under  the  protecting  erust 
of  the  eggs  until  the  second  week  in  May.  On  May  19,  as  bearing 
apples  were  almost  ready  to  blossom,  small  brownish  areas  in  the 
tips  and  mu'gins  of  apple  leaves  as  previously  described  were  detected. 
At  the  time  of  full  bloom  the  mining  of  the  foliage  was  quite  rapid 
and  leaves  of  fairly  good  size  were  not  infrequently  tunneled  for 
one-half  of  their  area,  while  small  leaves  were  entirely  browned. 
In  ten  days  more,  or  as  petals  were  dropping,  a  few  colonies  aban- 
doned their  positions  of  concealment  within  the  tissues  and  fed  in 
exposed  positions  on  the  foliage.  One  colony  established  itself  in 
the  center  of  a  leaf  cluster,  all  the  leaves  Iwing  involve*!  in  a  wel), 
while  another  established  itself  on  the  upper  surface  of  a  leaf  and  then 
extended  its  web  to  the  under  surface  of  a  superimposed  leaf.  At 
this  time  the  caterpillars  were  in  the  "skeletonizing"  stage,  feeding 
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<m  the  pulpy  substance  of  the  leaves,  while  the  veins  were  little  eaten. 
By  June  1  most,  if  not  all,  of  the  colonies  observed  had  passed  the 
mining  stage.  Some  were  observed  which  had  passed  the  "  skeleton- 
izing "  period  and  were  on  June  6  consuming  entire  leaves  except 
the  principal  veins.  The  capacity  for  damaging  fohage  greatly 
increased  from  this  date  with  the  growth  of  the  caterpillars.  The 
webs,  which  heretofore  had  been  quite  inconspicuous,  were  now 
plainly  visible,  reminding  one  of  the  tents  that  arc  first  spun  by  the 
common  fall  webworm.  The  destructive  activities  of  the  insects 
ceased  by  the  latter  portion  of  June,  at  which  time  they  bad  trans- 
formed to  pupse. 

SUSCEPTIBILITT   TO   ARSENICALS. 

During  the  period  when  they  are  mining  the  leaves  of  apple  the 
caterpillars  are  apparently  not  easily  destroyed  by  spraying  mix- 
tures. However,  upon  completion  of  the  tunneling  and  as  they 
are  engaged  in  feeding  openly  on  the  foliage  the  insects  appear  to 
succumb  quite  readily  to  applications  of  arsenicals  as  provided  in 
the  common  spraying  schedule  for  the  treatment  of  apple  orchards 
followii^  the  dropping  of  the  blossoms.  Observations  on  sprayed 
seedlings  showed  that  the  caterpillars  fed  sparingly  on  the  leaves 
and  then  retreated  to  the  webs,  refraining  from  further  eating.  In 
such  situations  they  perished  in  great  numbers  and  usually  there 
was  a  total  destruction  of  the  insects.  In  one  week  from  the  time 
of  treatment  all  the  affected  caterpillars  had  greatly  shriveled  and 
hung  suspended  from  the  silken  threads  that  composed  the  nest. 

PEACH  LEAF  WEEVIL. 
{Anametis  gramd(Ua  Say.). 
According  to  Pierce'  the  synonymy  of  this  species  of  leaf-weevil 
is  as  follows: 
ATiameHa  grantdata  Say. 

Barynotus  granulatua  Say.     Descriptions  of  North  American 
Curculionides,  New  Harmony,  Indiana,  p.  12,  July,  1831; 
Entomology  of  North  America,  Le  Conte  Edition,  p.  273, 
1891. 
'  Pierce,  W.  D.,  Proc.  U.  S.  Nat.  M«i»eum,  Vol.  45,  pp.  365-426,  1913. 
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AnamettB  grieea  Horn.  The  Rkynehopkora  of  America,  north 
of  Mexico,  by  J.  L.  LeConte  assisted  by  G.  H.  Horn,  Proe. 
Am.  PAii.5oc.  15:43,1876. 

AnametU  ettbfu^ca  Fall.  The  Coleoptera  of  New  Mexico  by 
H.  C.  Fall  and  T.  D.  A.  Cockerell,  Tram.  Am.  Ent.  Soc.  33: 
212,  1907.    Description  by  Fall  on  page  261. 

l^e  confusion  in  the  identity  of  the  insect  as  exhibited  in  the 
forgoing  synonymy  has  been  responsible  for  the  discussion  of  it« 
work  under  the  name  of  griaea.  In  1382  Riley'  briefly  referred  to 
the  destructive  capacity  of  the  beetle,  designated  as  A.  grisea,  which 
was  reported  to  him  as  being  injurious  to  apples  and  pears  in  Wis- 
consin. In  1892  Riley*  and  Howard  noted  damage  to  young  peach 
trees  in  Michigan  by  grisea.  It  is  stated  that  the  beetles  hide  near 
the  surface  of  the  ground  during  the  day  time  and  eat  the  bark 
and  also  the  buds  in  places  during  the  night.  In  his  report  of  1893 
Fletcher*  recorded  grisea  as  being  destructive  at  Grafton,  Ontario, 
to  apple  trees  by  eating  the  bark  off  of  young  twigs.  Mention  is 
also  made  of  the  occurrence  of  the  beetle  at  Okanogan  Mission, 
British  Columbia.  During  the  following  year  he*  again  called  atten- 
tion to  the  injurious  work  of  the  beetle,  especially  on  peaches  near 
Queenstowu,  Ontario.  It  is  stated  that  the  insects  appeared  on 
warm  sunny  days  and  attacked  the  leaf  buds  and  bark  of  young  trees 
when  first  set  out  or  when  a  young  tree  is  budded  and  cut  off  near 
the  ground,  then  by  eating  the  bud  they  destroy  the  tree.  Mechanical 
protectors  are  suggested  as  means  of  avoiding  injuries  to  the  trees. 
In  1899  Lugger*  listed  grieea  as  injurious  to  apple  on  account  of  its 
eating  holes  in  the  leaves  and  feeding  on  tender  bark.  He  stated 
that  the  species  hides  in  folds  of  a,  leaf  during  the  day  and,  while 
not  often  seen,  it  will  probably  be  found  to  be  much  more  common 
than  is  suspected. 

With  the  exception  of  the  preceding  accounts  deahng  with  the 
occurrence  of  the  species  on  fruit  trees  there  is  very  little  definite 
data  as  to  its  natural  food  plants,  h^its  or  life  history.    Hamilton* 

'Rney,  C.  V  ,  Amer.  Nat.  16:916,  1882. 
'  Riley.  C.  v.,  and  Howard,  L.  O.,  /n»erf  Life.  4:401,  1892. 
1  Fletcher,  James,  Canad.  Exp.  Farnu  Reporte  for  1893,  p.  177. 
•  Fletchei,  Junes,  25th  Ann.  Rept.  of  Ent.  Soc.  of  Ontario,  pp.  80-81,  1894,  mmI 
Experimental  Panna  Reports  for  1894,  pp.  198-199. 
•LuRger,  Otto,  Minn.  Agr.  Exp.  Sta.  Bui.  66,  pp.  267^88,  1899. 
'Hamatoa,  John.    Trans.  Am.  Bnt.  Soc.  32:Sl5, 1^06. 
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recorded  that  the  beetle  waa  not  rare  on  Ambrosia  trifida  during 
July  in  southwestern  Pennsylvania.  Duty'  has  stated  that  small 
collections  of  the  insect  were  obtained  by  beating  vegetation,  while 
Blatchley*  secured  specimens  from  the  foliage  of  buckeye  {^gctdtts 
sp.)  and  other  trees  and  shrubs  as  early  as  May  and  as  late  as  the 
middle  of  July. 

Wiekham*  writes  that  he  has  no  direct  evidence  of  the  natural  food 
plant  of  the  species  and  says  that  the  specimens  in  his  collections 
were  largely  captured  during  the  month  of  May  in  brush  land  of  a 
mixed  type,  where  there  is  a  great  variety  of  short  growth,  often 
including  wild  plum,  wild  cherry  and  crab  apple. 

DISTRIBUTION. 

The  leaf  weevil  has  a  wide  range  of  distribution.  Blatchley^  gives 
as  the  northern  limits  of  its  occurrence  Newfoundland,  Quebec, 
Ontario  and  Wisconsin,  and  says  that  it  exists  as  far  west  and  south 
as  Wyoming  and  Texas.  Fall'  states  that  it  is  more  common  in  the 
Mississippi  Valley  than  in  the  State  of  New  York.  The  species  has 
been  noted  from  Canada  (Thompson'  from  Toronto,  May  24, 
1910,  Wiekham'  from  Toronto  and  Albany  on  apple,  and  Pierce' 
from  Ontario)  and  the  following  states:  Michigan  (Pierce,  Dury'); 
Wisconsin  (Pierce,  and  by  Snyder*  from  Beaver  Dam,  April  29); 
Ohio  (Dury);  Ilhnois  (Fall,  Wolcott  from  oak  at  Willow  Springs 
on  August  19.  1905,  and  Blue  Island  on  Aug.  24,  1905,  Liljeblad" 
at  Fort  Sheridan  on  June  19  and  Rock  Island  on  July  2) ;  Pennsyl- 
vania (Hamilton"*);  Ohio  (Dury);  Indiana  (Pierce,  Dury,  and  by 
Blatchley  from  Warren,  Marion  and  Posen  counties);  South  Dakota 
(Pierce);  Nebraska  (Pierce);  Iowa  (Pierce,  Fall,  Wiekham  from 
Iowa  City  and  Independence  during  May,  Wolcott  and  Liljeblad 
from  McGregor  during  July,  1904) ;  Wyoming  (Pierce) ;  Texas 
(Pierce);  New  Mexico  (Pierce.  Dury.  Fall  and  Cockerell);  Kansas 
(Dury);  Missouri   (Dury.  Liljeblad  from  St.  Louis  on  August  1); 

'  Dury,  Chas.     Letter  dated  May  20.  1916. 

■  Blatchley,  W.  S.     Letter  dated  May  24,  1916. 

■  Wiekham,  H.  F.    Letter  dated  June  3,  1916. 

<  Blatchley,  W.  S.     Letter  dated  May  24,  1916. 

>  Fall.  U.  C.     Letter  dated  May  24,  1916. 

•Wolcott,  A.  B.     Letter  dated  May  29,  1916. 

'Wiclcbam,  H.  F.     Letters  dated  November  S,  1015,  andJune  2,  1916. 

•H«roe,W.D.    Proc.  U.  S.  Nat.  Mub.  46:382,  1913. 

'  Dury,  Charlea.     Letter  dated  May  20,  1916. 

■■  Huiihou,  John.     Trant.  Am.  Era.  Son.  22: 344,  1895. 
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Colorado  (Dury);  New  Jersey  (Smith,'  Davis*);  and  New  York 
(Blatchley  from  Portage,  Davis  from  Staten  Island). 

SOME  HABITS  OF  THE  LEAF  WEEVIL. 

On  several  occasions  our  attention  has  been  called  to  the  injurious 
work  of  this  species  in  young  peach  plantings.  The  first  intimation 
to  us  of  the  occurrence  of  the  beetle  in  injurious  numbers  in  fruit 
plantings  in  this  State  was  given  by  Mr.  C.  H.  McClew,  Newfane, 
who  on  May  10,  1902,  wrote  as  follows:  "  I  am  sending  to  you  a 
box  cmtaining  some  snout  beetles  and  specimens  of  injured  peach 
leaves.  They  are  abundant  and  we  can  supply  you  with  goodly 
numbers  of  them.  The  insecte  were  first  discovered  feeding  on 
yearling  trees.  They  attack  the  plants  at  night,  and  during  the 
day  partially  bury  themselves  in  the  ground.  The  beetle  has  been 
reported  by  others  on  apple  trees  and  seems  more  numerous  on  sandy, 
loamy  soils."  No  further  complaints  were  made  of  the  insect  until 
the  summer  of  1912,  when  Mr.  McClew  wrote  "  that  the  beetle  was 
numerous  on  young  peach  trees,  which  had  just  been  transplanted, 
and  was  doing  considerable  damage  by  feeding  on  the  opening  buds 
and  tender  leaves,  thus  checking  the  new  growth."  It  is  of  interest 
to  note  also  that  on  account  of  the  attacks  by  the  insects,  it  was 
necessaiy  for  him  to  cover  the  trees  with  netting  until  the  new 
growth  was  sufficient  to  withstand  the  insects. 

Injuries  by  the  beetle  have  been  first  detected  by  fruit  growers 
during  the  latter  part  of  May  or  during  early  June.  As  with  many 
otiorhynchid  beetles  the  damage  caused  by  this  insect  is  two-fold: 
first,  it  eats  into  the  opening  buds,  destroying  or  severely  injuring 
the  leaf  clusters,  and  then  there  is  the  more  common  type  of  injury 
which  is  caused  by  the  creatures  nibbling  along  the  margins  of  the 
leaves  (Plate  LVI).  Observations  of  the  beetles  in  breeding  cages,  in 
the  laboratory  showed  that  they  would  chew  on  the  green  ends  of 
the  opening  buds,  but  rarely  did  so  when  tender  leaves  were  available. 
Injuries  to  foliage  varied  with  the  numbers  of  the  insects.  When 
they  were  few  the  damage  consisted  of  little  more  than  the  con- 
sumption of  small  semi-circular  areas  along  the  margin  of  the  leaf. 
If  foliage  was  hmited  in  amount,  the  insects  would  eat  as  much  as 
one-third  of  the  area  of  the  leaf  or  the  entire  leaf,  the  main  rib  only 


ilized  by  Google 


jf^  New  York  Agricultubal  Experiment  Stahok.        435 

remaining.  Feeding  by  the  beetles  was  observed  as  late  in  the  summer 
as  August  3  when  the  last  specimen  in  confinement  died.  They  feed, 
apparently,  at  night.  If  foliage  was  not  heavy  they  were  detected 
in  the  day  time  concealed  mider  small  lumps  of  earth  or  partly 
buried  in  the  soil  (Plate  LV),  but  if  the  foliage  was  a6undant  they  were 
often  observed  in  the  folds  of  the  leaves.  The  insects  avoided  the 
strong  sunlight  and  they  showed  a  tendency  to  be  more  active,  or  at 
least  to  occupy  more  exposed  positions,  on  cloudy  days.  In  the  labora- 
tory eggs  were  deposited  from  July  2  to  July  17.  The  eggs  were  laid 
on  the  foliage  in  concealed  situations,  as  the  folded  edges  of  partially- 
expanded  leaves  or  in  pockets  caused  by  a  leaf  being  folded  upon 
itself  (Plate  LV).  They  occurred  in  clusters  of  three  to  forty  eggs  to  a 
unit.  Masses  of  twenty  to  thirty  e^s  each  were  very  common. 
The  eggs  were  deposited  in  irregular  clusters  embedded  in  a  gelatinous 
Bubstajice,  and  they  were  bluntly  rounded,  and  measured  about 
MO  to  987  microns  long  by  376  microns  in  width  (Figs.  1,  2,  5,  Plate 
LV).  In  one  week  from  time  of  laying,  the  ^gs  turned  brown  in 
color.  A  cluster  of  eg^  deposited  on  July  2  hatched  on  July  15. 
LarvEB  were  observed  hatching  as  late  as  July  19.  After  hatching 
the  larvie  fell  to  the  ground  and  were  observed  soon  afterwards  in 
tiny  cells  just  beneath  the  surface.  Owing  to  the  death  of  larvte  in 
breeding  cages  it  has  not  been  possible  to  follow  the  later  stages 
in  the  development  of  the  creatures. 

HETUOnS  OF  CONTROL 

As  previously  stated,  this  insect  has  so  far  caused  important 
injuries  only  to  nursery  trees  soon  after  the  time  of  transplanting 
in  the  orchard,  and  growers  who  have  sustained  damage  by  the 
insect  have  protected  their  young  trees  by  covering  them  with 
mosquito  netting.  Since  the  beetles  feed  on  the  foliage  it  would 
appear  that  they  can  be  controlled  by  a  timely  application  of  arsenate 
of  lead.  If  efficacious,  such  treatment  would  be  more  economical 
than  the  use  of  netting.  In  the  case  of  peaches,  arsenate  of  lead 
sometimes  causes  injuries  to  the  foliage,  so  great  care  should  be  exer- 
cised in  the  use  of  this  arsenical.  For  experimental  treatments  it  is 
suggested  that  the  grower  apply  two  pounds  of  the  poison  to  fifty 
gallons  of  water,  to  which  are  added  two  pounds  of  lump  lime  pre- 
viously reduced  to  a  past«.  For  a  small  planting  considerable  pro- 
tection could  doubtless  be  obtained  by  collecting  the  beetles  or 
jarring  them  into  a  sheet,  when  they  should  be  destroyed. 
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LESSER  PEACH  BORER.* 
(Synantkedon  pidipee  G.  and  R.) 

On  May  8,  1907,  our  attention  was  directed  to  destructive  num- 
bers of  this  species  at  Bellona,  N.  Y.,  in  an  orchard  of  1200  trees, 
consisting  of  Wickson  plums  and  various  sorts  of  peaches.  The 
trees  were  six  years  old  and  evidently  had  received  very  little  care. 
The  orchard  had  not  been  cultivated  for  several  years  and  in  certain 
areas  there  were  many  weeds  besides  grass.  Pruning  had  been 
attempted  just  before  our  visit,  and  the  dead  trees  cut  down,  which, 
with  the  prunings,  had  been  left  in  the  planting.  Most  of  the  trees 
that  were  seriously  infested  the  year  before  had  succumbed.  Nearly 
seventy-five  per  ct.  of  the  plums  were  dead,  while  the  remainder 
contained  many  dead  branches  (Plate  TV).  The  trees  seemed  to 
be  most  injured  about  or  just  below  the  crotch  formed  by  the  union 
of  the  main  branches,  and  in  nearly  every  case  the  trees  also  showed 
injury  about  the  coUar.  Some  of  them  were  practically  dead  at 
this  point  while  the  entire  top  was  still  alive.  The  wood  beneath 
the  bark  showed  conspicuous  evidences  of  the  work  of  the  borer. 
Besides  the  work  of  the  borer  the  plum  trees  had  the  appearance 
of  having  been  injured  also  by  cold  weather  or  perhaps  by  unfavor- 
able conditions  of  environment,  though  an  examination  of  a  num- 
ber of  the  dead  trees  showed  that  the  bark  had  been  entirely  girdled 
by  the  channels  of  many  insects.  What  foliage  there  was  looked, 
on  the  whole,  fairly  healthy. 

On  June  15  the  orchards  in  the  vicinity  of  Bellona  were  f^ain 
inspected  and  the  plums  were  so  nearly  dead  that  only  a  few  borers 
were  found;  but  the  peaches,  though  they  had  suffered  to  a  much 
less  degree,  were  generally  infested.  Somewhat  similar  conditions 
existed  in  another  planting  of  peaches,  consisting  of  trees  about 
four  years  of  age,  which  had  been  given  cultivation  the  previous 
year.  In  many  of  the  trees  every  branch  showed  tbe  presence  of 
one  or  more  borers,  and  in  some  cases  the  trunks  were  affected.  The 
trees  which  were  infested  about  the  trunk  or  crotch  had  evidently 
suffered  injuries  to  the  bark  by  some  other  cause  previous  to  the 
attacks  by  the  borers.  In  collecting,  most  of  the  larvae  were  secured 
from  branches  ranging  from  one  to  two  and  one-half  inches  in  diam- 
eter.   The  borers  apparently  did  not  attack  smooth  portions  of  the 

•  By  W.  J.  Seboene. 
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Plate  LV, —  Peacb  Lbaf-wbbvil. 
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Pi^TE  LVII. —  Lesbeb  Pbach  Borer. 
1,  Adulti  2  Mid  3,  lorvft  sod  cocoon:  4,  pups. 


D„t„db,  Google 


D,  Google 


f 


t 


Plate  LIX. —  Liue-tree  Win 


I,  Female  adult;  2,  male  adult:  3,  e<[gs;  4,  caterpilUr;  5.  P"P*,i.)t)Q|c 


PuiTE  LX. —  Linden  Pouaqe  Injured  by  Caterpillar  o 
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bark,  for  all  the  areas  of  infestation  were  located  either  in  a  crotch 
or  where  a  branch  had  been  pruned  or  broken. 

It  appeara  that  the  Wickson  plum  is  either  very  susceptible  to 
injury  by  this  insect  or  that  the  region  about  Geneva  is  unfavorable 
to  the  best  development  of  this  variety  of  fruit  tree.  During  the 
summer  of  1907-8  several  examinations  were  made  of  this  and  other 
varieties  of  plums  growing  on  the  Station  grounds.  It  was  usual  to 
find  a  number  of  larvs  of  both  pictipes  and  exHiota  in  the  Wickson 
plum  trees,  while  the  insects  were  relatively  scarce  in  other  varieties. 

DBSCBIPnON  OF  INJURY. 

The  larvfe  were  observed  feeding  in  the  soft  tissues  of  the  bark 
in  all  parte  of  the  trunk  and  branches,  and  even  twigs  one-third  of 
an  inch  in  diameter  were  infested.  The  appearances  of  the  wounds 
varied  somewhat  according  to  their  location  in  different  parts  of 
the  tree.  In  the  smaller  twigs  the  larval  channel  was  concealed 
by  the  thin  outer  cortex,  its  presence  being  indicated  only  by  the 
larval  fross  and  exudation  of  gum.  In  the  larger  branches  the  bark 
was  often  thickened  and  much  discolored.  The  outer  cortex  of 
these  barged  areas  was  frequent^  split,  which,  together  with  the 
frass  and  gum,  presented  a  very  rough  appearance  (Plate  LVIII).  In 
the  crotoh  and  the  main  stem  Beveral  larvse  were  frequently  found 
closely  associated.  Here  the  surface  of  the  bark  was  dotted  with 
exit  holes  made  by  the  pupse  and  with  an  occasional  empty  pupal 
case  protruding  half  its  length  from  the  bark.  In  other  places  the 
bark  was  cracked,  with  the  edges  turned  outward,  disclosing  under- 
neath, the  split  surface  of  the  wood  covered  with  finely  chewed 
pieces  of  bark  produced  by  the  caterpillars  tunneling  their  path 
beneath  the  cortex.  The  point  of  injury  frequently  covered  a  num- 
ber of  square  inches,  the  cambium  being  so  thoroughly  tunneled 
that  large  areas  of  the  bark  were  dislodged.  The  lower  opening  to 
the  wounded  area  was  usufJly  hidden  by  a  large  patch  of  gum,  hard 
on  the  outside,  and  protruding  near  the  gum  was  a  mass  of  excre- 
mental  particles  and  larval  sawdust,  brick  red  in  color,  held  together 
to  some  extent  by  strands  of  silk.  With  the  removal  of  the  gum  a 
large  hole  was  found  in  the  cambium,  which  was  apparently  the 
exterior  entrance  of  numerous  channels.  The  pupal  cells  were 
detected  in  the  drier  parts  of  these  cavities.  They  were  constructed 
of  fine  sawdust  cemented  together  with  silk  and  gum  and  sUghtly 
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imbedded  in  the  surface  of  the  sap  wood.  At  other  parts  of  the 
wound  there  occurred  a  fluid,  gummy  exudation  in  which  were 
observed  caterpillars  in  various  stages  of  development.  The  channels 
of  the  larvsB  were  very  irregular  in  shape  and  ran  in  varying  direc- 
tions. The  dimensions  varied  with  the  size  of  the  insect,  but  thp 
channel  was  broad  enough  to  permit  the  larva  to  reverse  itself. 
A  great  many  channels  examined  had  a  lon^tudinal  direction, 
frequently  being  four  to  five  inches  in  length,  with  two  or  three 
side  branches  an  inch  or  so  apart. 

ECONOUIC  IMPORTANCE  AND  DISTRIBUTION. 

The  insect  was  first  described  in  1868  by  Grote  and  Robinson^ 
who  also  noted  its  occurrence  in  P«in8ylvania.  In  1879  it  was 
found  in  injurious  numbers  upon  a  plum  tree  by  Bailey,*  who  gave 
an  excellent  description  of  the  insect  and  the  character  of  its  work. 
Two  years  later  Kellicott'  reported  the  insect  attacking  aJi  old 
plum  tree  and  wild  cherries  at  Buffalo,  N.Y.,  and  the  same  observer 
stated  in  1891  that  it  fed  upon  both  black  and  red  wild  cherries  at 
Columbus,  Ohio.  Webster*  recorded  peach  and  the  black-knot  fungus 
on  cherry  and  plum  as  a  host  of  the  species,  and  Beutenmlillcr' 
added  chestnut  and  juneberry  to  the  list  of  host  plants.  The  lesser 
peach  borer  has  been  reported  as  occurring  in  parts  of  Canada 
adjacent  to  New  York,  also  in  Minnesota,  Pennsylvania  and  New 
Jersey;  and  Girault*  in  an  excellent  account  of  the  insect  states  that 
it  occurs  in  a  number  of  southern  states  and  adds:  "  In  some  of  the 
Georgia  and  Maryland  peach  orchards  groups  of  old,  scarred  trees 
have  been  found  with  their  trunks  literally  honey-combed  by  the 
channels  of  these  larvK."  The  same  author  reports  that  it  seems 
to  be  on  the  increase,  though  according  to  all  reports  the  insect 
has  been  observed  in  only  a  few  numbers  except  on  old  or  neglected 
trees. 

LITE  mSTOBT,   HABITS  AND  DESCRIPTIONS  OF  LIFE  STAGES. 

At  the  time  our  observations  on  the  insect  begw,  May  8,  1907, 

only  the  larv®  were  present  on  the  trees.    These  varied  in  length, 

■Grot«,  A.  R.  &Dd  RoUnaon,  C.  T.     Tram.  Amer.  Bnl.  Soe.,  31:82-183,  1868. 

» BaUey,  J.  3.     No.  Amer.  Evi.,  1 :  17-21,  1879. 

»  Kellioott,  D.  S.     Con.  ant.  13:7,  1881,  and  Oftw  ffort.Soc. /oum.,  5:lfH9,  1891. 

'Wdwter,  F.  M.     JEni.  iVeuw.  4:267,  1893. 

•  BeutenmQiler,  W.     Bid.  Amer.  Hut.  Nat.  HUl.  9:220,  1897. 

■Girault,  A.  A.    U.  8.  D.  A.    Bureau  of  Ent.    Bui.  68,  Pt.  IV,  1907. 


ilized  by  Google 


New  York  AflRicuLTORAL  Experiment  Rtatton.        430 

bong  mostly  about  one-third  of  an  inch.  On  May  25  two  pupa 
were  found  and  the  ]ar\'fe  showed  greater  differences  in  size,  though 
most  of  them  were  from  one-half  to  three-fourths  of  an  inch  in  length. 
Thirty  days  later,  or  on  June  25,  the  trees  were  again  examined 
and  it  was  found  that  a  good  proportion  of  the  adults  had  emei^^, 
thou^  one  pupa  and  thirty-five  large  larvs  were  secured.  By 
luly  24  practically  all  of  the  adults  had  emerged  and  only  one  la^e 
iarva  and  one  pupa  were  found.  The  orchard  was  f^ain  inspected 
on  November  4,  when  only  hibernating  larvfe  were  present.  These 
ranged  in  size  from  one-fourth  to  an  inch  in  length,  thou^  some  of 
the  lai^^t  individuals  proved  to  be  of  the  species  exiiioaa.  A  fin^ 
observation  was  made  of  the  orchard  on  June  20,  1908,  at  which 
time  about  thirty  per  ct.  of  the  adults  had  emerged,  thirty  per  ct. 
were  in  the  pupa  stage  and  the  larvee  were  nearly  all  full  size. 

These  observations  indicate  that  in  this  part  of  New  York  State 
Ihe  adults  emerge  in  June  and  July,  that  the  insect  hibernates  as 
a  half-grown  larva  and  that  there  is  but  one  brood  a  year.  This  is 
in  full  agreement  with  Bailey's  observation  made  in  the  region  of 
Buffalo,  N.  Y.,  although  Girault  reports  a  partial  second  brood  in 
Georgia. 

Bffff.— According  to  Girault  the  eggs  are  small,  compressed, 
eUiptical-oval,  reddish-brown  objects  similar  in  general  to  the  eggs 
of  the  common  peach  borer.  They  are  deposited  singly  in  clusters 
on  all  parts  of  the  tree,  especially  on  the  trunk,  being  placed  in 
crevices  and  openings  of  the  bark  and  under  loosened  bark.  The 
female  deposits  from  two  hundred  to  three  hundred  e^^.  These 
hatch  in  about  ten  days. 

Larva. —  The  larva  is  a  typical  borer,  being  white  or  of  a  cream 
color  with  head  yellowish  brown  and  thoracic  shield  pale  yellow 
(Fig.  2,  Plate  LVII).  Our  specimens  averaged  three-fourths  of  an 
inch  in  length.  It  is  similar  in  general  appearance  to  the  ordinary 
peach-borer  larva,  which  is  about  one  inch  in  length.  The  larva 
lives  in  channels  or  cavities  under  the  bark.  If  an  individual  is 
placed  in  a  glass  receptacle  with  a  flat  piece  of  bark  it  will  in  a  few 
hours  construct  a  retreat  for  itself  of  sawdust  and  particles  of  loose 
bark  held  together  by  silk.  Half-grown  larvje  have  been  reared 
to  maturity  in  this  manner.  In  the  field  larvs  have  been  observed 
to  live  for  a  time  after  the  tree  had  died. 

Cocoon. —  The  cocoon  (Fig.  3,  Plate  LVII)  is  formed  of  particles  of 
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sawdust  wid  excremeot  firmly  woven  together  by  siik.  It  is  usually 
slightly  reddish  or  similar  in  color  to  bark  upon  which  it  is  formed. 
As  has  been  observed  by  Bailey  and  otherB,  it  has  a  habit  conmion 
with  many  borers  of  excavating  a  Blight  depression  in  the  wood, 
over  which  the  pupa  cell  is  built.  The  cocoon  is  generally  hidden 
on  the  under  side  of  the  bark  in  or  near  the  larval  chamber,  though 
a  few  have  been  found  in  exposed  situations  on  the  outside  of  the 
bark  of  small  twigs. 

Pupa. —  The  pupa  is  light  in  color  when  first  formed,  later  changing 
to  reddish  brown  or  black.  It  ifi  about  one-half  inch  in  length 
(Fig.  4,  Plate  LVII).  When  ready  to  emerge  the  pupa  works  itself 
out  of  the  cocoon  to  a  hole  in  the  bark  which  has  previously  been 
made  by  the  caterpillar,  and  there,  projecting  for  half  its  length, 
it  changes  to  so  adult. 

AdvU. —  The  adults  resemble  the  male  of  the  conmion  peach  borer. 
They  are  clear-wii^ed  moths,  bluish-black  in  color,  with  the  eyes 
encircled  with  yellowiah-wfaite  scales  (Fig.  1,  Plate  LVII).  There  is 
a  pale  yellow  band  on  each  of  the  second  and  fourth  segments.  The 
moths  resemble  certain  wasps  both  in  appeaj-ance  and  manner  of 
flight. 

treatment. 

The  only  certain  means  of  succesefuUy  combating  this  pest  is  that 
of  digging  out  the  grubs  as  recommended  for  the  common  peach 
borer.  The  "  wormii^  "  should  be  done  during  the  fall,  winter  or 
Bprii^  months.  If  in  the  operation  of  removing  the  borers  large 
wounds  are  made  in  the  bark,  they  should  be  coated  with  an  anti- 
septic, which  will  protect  the  cut  surfaces  during  the  healing  process 
and  act  as  a  deterrent  to  the  insects.  A  strong  mixture  of  lime- 
sulphur  or  bordeaux  to  which  arsenate  of  lead  has  been  added  may 
be  used  for  this  purpose.  As  the  insect  is  thought  to  thrive  best 
in  old  or  weakened  trees  or  those  somewhat  neglected,  such  as 
have  passed  their  period  of  usefulness  should  be  removed  and  the 
remainder  of  the  orchard  carefully  pruned.  All  dead  and  injured 
wood  should  be  immediately  burned.  In  case  of  bad  infestation 
by  this  insect  severe  pruning  should  be  practiced.  This  will  remove 
many  of  the  larvte  and  increase  the  vigor  of  the  trees.  Thorough 
cultivation  should  be  practised  and  care  also  exercised  to  keep 
the  bwk  smooth  and  clean  and  the  trees  in  a  good  state  of  health. 
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THE  LIME-TREE  WINTER  MOTH.» 

(£rannt8  tUiaria  Heut.) 
Ttiis  insect  takes  rank  with  the  white-marked  tussock-moth, 
the  common  orchard  canker  worms,  the  orchard  and  forest  tent 
caterpillars  and  certain  other  leaf-eatii^  insects  that  persist  from 
year  to  year  unnoticed  in  the  woodlot.  The  caterpillais  of  this 
species  occasionally  become  numerous  and  cause  serious  defoliation 
both  in  the  woods  and  adjacent  orchards. 

RECENT  OCCURRENCE  IN  ONTARIO  AND   CATUQA   COUNTIES. 

The  presence  of  large  numbers  of  the  caterpillars  during  the 
spring  of  1912  attracted  the  attention  of  many  farmers  and  fruit 
growers  in  certain  counties  in  western  New  York,  They  occurred 
in  abundance  about  Hopewell  Center,  Ontario  County,  and  eastward 
to  Seneca  Castle  and  Geneva.  The  apple  and  cherry  trees  along 
the  roadfiide  were  principally  affected,  thoi^h  the  larva  were  found 
in  commercial  orcharda  of  both  fruits.  One  fanner  near  Hopewell 
Center  reported  that  the  insects  were  so  numerous  in  his  woods 
that  he  could  hear  the  caterpillars  chewing  the  foliage.  In  Cayuga 
County  near  Venice  Center  there  are  many  apple  orchards  that 
are  either  poorly  cared  for  or  neglected.  Such  plantings  suffered 
more  or  less  defoliation  due  to  this  and  other  leaf  feeders.  The 
combined  work  of  the  canker  worms  and  the  orchard  and  forest 
tent  caterpillars  resulted  in  the  defoliation  of  one  orchard  and  serious 
injury  to  several  others  in  thendghborhood  of  Kings  Ferry.  The  road- 
side lindens  and  elms  in  this  vicinity  showed  the  peculiar  ragged  appear- 
ance to  the  feeding  of  the  caterpillars  of  this  species  (Plate  LX). 
The  Undens  of  a  woodlot  near  the  worst-injured  orchard  were 
partly  defoliated.  Of  the  forest  trees  the  elms  and  lindens  were 
most  susceptible  and  only  a  few  larvae  were  found  on  the  maples, 
hickories,  ashes  and  oaks.  Apparently  the  insects  do  not  naturally 
feed  upon  fruit,  but  in  the  laboratory  under  the  stress  of  hunger 
th^  ate  the  epidermis  and  some  of  the  pulp  of  cherries  and  apples. 

LITERATURE   OP  THE   SPECIES. 

The  Bpedes  is  said  to  be  a  native  insect  and  is  stated  by  Holland ' 
to  rai^  from  the  Atlantic  coast  to  the  Rocky  Mountains.    The 
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first  authentic  record  we  have  is  that  of  Harris'  in  1841,  and  as 
compared  with  other  canker  worms  he  evidently  tlwugfat  this  species 
was  not  of  much  importance,  as  indicated  by  the  following  statement. 
"  Apple,  ebn  and  lime  trees  are  sometimes  injured  a  good  deal  by 
another  kind  of  span  worm."  Saunders  *  writes  "  It  is  often  very 
destructive  to  basswood,  elm,  hickory  and  apple  trees."  The 
insect  is  also  mentioned  by  Packard*  as  beii^  often  found  on  apple 
and  elm.  It  is  of  interest  to  note  that  no  recent  outbreaks  have 
occurred  and  that  there  is  no  record  of  important  injuries  in  this 
State  preceding  this  ^pearance  of  the  insect. 

BIOLOOT. 

The  larva  is  a  characteristic  canker  worm  and  has  in  coomuHi 
with  other  insects  of  this  group  the  peculiar  habit  of  feigning  death 
by  holding  the  body  rigid  or  suspending  itself  by  the  rear  feel.  The 
caterpillars  feed  by  chewing  elongated  areas  in  the  leaves  as  shown 
in  Plate  LX.  When  the  larvse  are  numerous  the  foli^e  look» 
as  if  it  had  been  riddled  by  shot. 

During  1912  the  larvie  were  first  observed  on  June  S  in  an  apple 
orchard  near  Geneva.  The  size  of  the  caterpillars  indicated  that 
they  were  nearly  mature.  On  June  19  the  creatures  were  still 
numerous,  though  some  had  entered  the  soil.  Another  inspection 
was  made  on  June  24  when  the  larvee  bad  practically  all 
pupated. 

The  pupEe  were  found  at  various  depths  extending  to  three  inches. 
Many  were  found  under  leaves  and  rubbish  at  the  surface  or  in 
the  first  one-half  inch  of  soil.  A  few  were  found  at  a  depth  of  three 
inches.  According  to  Harris  the  insect  remains  in  the  pupa  stage 
until  late  in  October  or  November  and  occasionally  until  spring. 

The  adults  during  1912  continued  to  emei^  in  the  field  from 
October  21  to  November  4,  and  females  were  still  ovipositing 
November  10.* 


<  Rarru.    Ina,  In),  to  Ve«.    FUnt  Ed.  p.  472,  1862. 
'Saunders,  William.     Can.  Ent.  14:222,  1882. 

*  Packard,  A.  S.  Inancta  injurious  to  fonet  and  shade  trees,  Sth  Rept.  ot  TI.  8.  Ent. 
Com.,  p.  475.    1890. 

*  Ab  stated  above  the  adults  were  obsoved  to  emetge  out-of-doocB  October  21  to 
November  4,  and  eg^  were  stiU  being  ovipodted  on  November  10.  Id  our  unhealed 
Insectory  a  number  emerged  during  the  fintt  leo  days  of  December.  These  facts,  when 
compared  with  the  miniTmim  temperature  reoords  ^ipendsd,  are  intereating;  for  tl>ej 
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Habiis. —  During  the  day  the  males  have  been  found  resting  on 
leaves  and  occasionally  on  the  bark.  They  become  active  about 
4  P.  M.  Five  specimens  were  taken  about  electric  lights  at  9:30 
P.  M.  on  October  27,  at  which  time  the  temperature  was  41°  F. 
The  females  were  taken  from  the  undersides  of  the  branches,  hanging 
suspended  by  their  slender  legs.  They  were  very  sluggish  during 
the  day  until  after  mating,  when  they  were  observed  to  slowly 
creep  over  the  bark,  protruding  the  extensile  ovipositor.  The 
females  in  a  cool  room  continued  to  oviposit  for  a  week.  They 
scattered  their  eggs  over  the  bark,  some  on  exposed  situations  and 
others  in  cracks  and  under  the  rough  bark.  From  the  abdomen 
of  one  female  there  were  taken  five  hundred  and  eighty-three  eggs. 

DESCRIPTION    OF   LIFE   STAGES. 

Egg.  (Fig.  3,  Plate  LIX.)  -—  Color  dirty  cream,  slightly  cyhndrical 
and  bluntly  rounded  at  the  ends.  The  sides  and  one  end  are  marked 
with  compressed  hexagonal  reticulations.  These  are  more  noticeable 
on  the  cap.     Length  .893  mm.,  width,  .517  mm. 

Larva.  (Fig.  4,  Plate  LIX.)  —  A  bright-yellow  looper  with  a  rust- 
colored  head  and  ten  crinkled  black  lines  along  the  back.  The 
variation  in  the  width  of  these  lines  is  such  that  some  individuals 
are  light  on  the  dorsum  and  others  very  dark.  The  dorsal  lines 
are  so  f^nt  .in  some  caterpillars  that  they  are  barely  discernible, 
which  gives  the  effect  of  two  sub-dorsal  stripes.  In  other  specimens 
the  black  lines  are  so  broad  that  altogether  they  appear  as  a  black 
ribbon.    The  length  of  the  mature  larvie  is  from  1.25  to  1.5  inches. 

Pupa.     (Fig.    5,    Plate    LIX.)  — The    males    measured    60-65 
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hundredths  inch  long  and  15-18  hundredths  inch  wide,  while  the 
females  averaged  47-60  hundredths  inch  long  and  17-20  hundredths 
inch  in  diameter. 

Adult  male.  (Fig.  2,  Plate  LIX.)  —  "  The  males  ^  have  large  aad 
delicate  wings,  and  their  antenna  have  a  narrow  feathery  edging 
00  each  side."  "  The  forewings  of  the  maJe  are  rusty  buff  or 
nankin-yellow,  sprinkled  with  very  fine  brownish  dots  and  banded 
with  two  transverse  wavy,  brown  lines,  the  baud  nearest  the  shoulders 
being  often  indistinct;  in  the  space  between  the  bands  and  near 
to  the  thick  edge  of  the  wing  there  is  generally  a  brown  dot.  The 
hind  wings  are  much  paler  than  the  others  and  have  a  small  brownish 
dot  in  the  middle.  The  color  of  the  body  is  the  same  as  that  of  the 
fore  wii^;  and  the  legs  are  ringed  with  buff  and  brown.  The 
wings  expuid  one  inch  and  three-quarters." 

Advtt  female.  (Fig,  1,  Plate  LIX.) — Our  specimens  ^ow  con- 
siderable variation  in  the  color  and  markings.  They  range  from 
very  dark,  having  but  a  few  white  or  brown  scales  to  individuals 
that  are  light  brown  or  ash  gray,  having  only  a  few  splashes  of  black. 
Moat  of  the  specimens  present  a  mottled  appetutmce  with  a  more 
or  less  well  defined  double  row  of  black  spots  on  the  dorsum;  and 
in  all  of  our  specimens  there  are  two  well-defined  spots  on  the  dorsum 
of  the  first  abdominal  segment.  In  some  specimens  these  two 
spots  axe  equally  well  defined  on  all  but  the  posterior  segment, 
in  others  they  are  much  reduced  or  lost  in  the  general  sprinkling 
of  black.  There  is  a  distinctive  area  of  heavy  blotches  along  the 
stigmatfd  line.  The  gromid  color  is  silver  gray,  or  with  some  speci- 
mens a  light  brown.  The  typical  markings  are  head  and  front  of 
eyes  black,  back  of  head  white;  dorsmn  of  thorax  brownish-whit« 
bearing  four  pairs  of  black  spots.  Those  on  the  metathorax  not 
well  defined,  the  rear  pair  on  the  mesothorax  are  w(H\  separated 
and  the  others  contiguous.  The  antennse  and  l^s  are  slender  and 
of  the  same  general  color  as  the  body. 

tbeathent. 
The  peculiarities  of  this  insect  in  a  measure  limit  its  ability  to 
become  injurious.  The  females  do  not  fly,  hence  there  is  no  danger 
of  a  sudden  migration  to  the  orchard  from  the  woodlot  such  as 
is  possible  with  other  species.  In  addition  the  habit  of  emei^ng 
during  the  winter  must  certainly  in  a  measure  limit  the  production 

•Hams.     las.  Inj.  to  Vegetables.     (Flint  Edition,  1883)  p.  473. 
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of  eggp,  for  the  insects  that  come  forth  in  October  are  subject 
in  November,  in  this  latitude,  to  severe  and  sudden  changes,  often 
accompanied  by  ice  storms.  Notwithstanding  these  facts  the 
insects  have  been  known  to  cause  injuries  in  fruit  plantings. 

The  occasional  outbreaks  of  such  insects  as  this  serve  to  emphasize 
the  necessity  of  a  r^ular  system  of  orchard  treatment  that  will 
nip  in  the  bud,  so  to  speak,  the  multiplication  of  this  and  other 
species  of  similar  habits.  Since  the  caterpillars  of  this  species 
have  not  been  found  in  well-sprayed  orchards  it  is  taken  for  granted 
that  the  treatments  ordinarily  made  for  the  common  insects  afford 
the  necessary  protection. 

GOOSEBERRY  FRUIT-WORM  ON  CURRANTS. 
{Zophodia  grosaidaria  Packard } 
Currant  and  gooseberry  fruits  sometimes  become  withered  and 
drawn  together  in  a  deUcate  silken  web,  which  occasionally  produces 
a  considerable  reduction  of  the  quantities  of  marketable  berries. 
These  injuries  are  lai^ely  caused  by  the  gooseberry  fruit-worm 
Zophodia  groasiiiaTvx  Packard.  During  1904,  at  White  Plains,  this 
insect  was  abundant  in  the  plantation  of  Mr.  Peter  Witzel  and 
associated  with  it  were  small  numbers  of  the  larvEe  of  the  leaf  roller, 
Archvpa  paraUda  Robinson.^  The  feeding  of  these  associated 
species  practically  destroyed  the  yield  of  currants  each  year  during 
the  period  of  1902-1905.  Our  attention  was  called  to  this  outbreak 
late  in  the  spring  of  1904  and  after  many  of  the  berry  clusters  were 
injured.  Suggestions  were  made  to  the-  owner  with  the  idea  of 
security  relief  from  the  pest  until  an  investigation  could  be  under- 
taken. The  studies  were  begun  in  1905  but  later  were  discontinued. 
Some  information  on  methods  of  control  was  obtained  which,  while 
fragmentary,  is  mentioned  as  a  guide  to  further  studies  on  the  pro- 
tection of  Ribes  from  attacks  of  these  pests. 

SUHUARY  OF  LITEBATURG. 

Although  the  gooseberry  fruit-worm  is  common  and  of  considerable 
importance  in  plantings  of  Ribes  in  some  r^ons,  there  are  few 
published  accounts  which  contain  really  satisfactory  information 
concerning  this  species.    Most  of  the  citations  appear  to  be  largely 

^  Detcmunatian  tiuaugh  the  oourteay  of  Prof.  C  H.  Feniald, 
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compiled  from  the  reports  of  Riley  '  and  Saunders '  who  have  pub- 
lished the  most  complete  notes  on  the  insect  up  to  the  present  time. 
Other  writers  have  been  satisfied  to  quote  from  these  authorities 
and  no  later  investiKations  appear  to  have  been  made. 

APPEAHANCE   OF  INJURIES. 

The  work  of  this  species  on  currants  has  received  little  attention 
in  literature  and  much  of  what  has  been  written  is~  inaccessible  to 
most  workers.  In  1855,  Fitch  *  reported  havit^  seen  wild  goose- 
berries with  every  berry  withered.  Riley  in  1869  noted  its  attacks 
on  native  gooseberries  and  green-gage  plums.  During  1876 
Saunders  observed  the  work  of  this  species  and  in  1883*  ag^n 
published  a  very  concise  account  of  its  attacks  on  Ribes.  In  such 
instances  the  gooseberries  ripened  prematurely  or  else  became  dull 
whitish  in  color  and  soon  withered.  The  currants  were  drawn 
together  and  the  berries  fastened  to  each  other  with  silken  threads. 
Lochhead  '  noted  the  premature  dropping  of  well-formed  unripened 
fruits  which  at  that  time  showed  no  external  evidence  of  the  cause 
of  injuries.  A  few  days  later  the  heart  of  the  berries  softened  and 
the  presence  of  larvie  became  evident  through  the  softening  of  the 
tissue  at  the  center  of  the  berries  and  the  subsequent  collapse  and 
decay  of  the  fruits.  An  external  evidence  of  injured  gooseberries 
was  a  dark  spot  on  the  skin  which  gradually  increased  in  size  until 
the  pulp  became  red  but  not  ripe.  Thick-skinned  berries  appeared 
not  to  be  affected.  According  to  Slingerland  and  Crosby  •  several 
fruits  may  be  connected  by  a  delicate  silken  thread. 

In  our  study  this  insect  was  especially  destructive  to  red  currants 
during  the  period  of  1903-1906,  The  earliest  indication  of  infestation 
was  in  May  when  the  berries  were  drawn  together  by  a  delicate 
silken  thread.  The  young  larvse  within  the  web  afterward  began 
to  eat  into  the  fruits  which  soon  became  shriveled  and  decayed 
(Plate  LXI).  In  some  instances  the  berry  injury  consisted  only 
of  a  wound  in  the  skin,  but  in  any  case  the  fruits  dried  and  shriveled. 
Usually  several  berry  clusters   and   adjacent  leaves   were  drawn 

>  TtfA.  State  Ent.    Mo.  1 :  140,  1809. 

'Itet.  But.  Soc.  Out.  (Canada)  7:30-40,  (1876),  1877. 

•  Rpt.  State  Ent.     N.  Y.3;437,  1855. 

*  Insects  injurious  to  fruits,  pp.  357-359,  1383. 

•  Rpt.  Ent.  Soc.  Ont.  (Canada)  34: 35-36  (1903),  1901 

*  Manual  of  Fruit  Insects  pp.  353-455,  1914. 
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together  to  form  a  nest  in  which  occasional  larvse  transformed. 
Often  leaves  only  were  drawn  together,  and  the  caterpillars  did 
not  feed  on  the  berries.  On  the  other  hand  single  currants  only 
were  eaten,  or  two  or  three  fruits  in  a  cluster  affected.  In  many 
instances  the  currants  ripened  prematurely  with  no  other  evidence 
of  the  larvee  at  work. 

DISTRIBUTIOII   AND   FOOD   PLANTS. 

Dyar '  lists  the  range  of  this  species  in  North  America  as  north 
eastern  United  Stat^  and  Canada.  In  other  sections  it  has  been 
reported  as  occurring  in  Missouri,  Minnesota,  Montana,  Illinois, 
Oregon  and  Washington  where  it  also  feeds  chiefly  on  Ribes.  The 
native  and  cultivated  gooseberricB,  red  and  white  currants,  and 
green-gage  plum,  according  to  an  obscure  reference  by  Riley,  are 
the  recorded  hoets  of  this  species. 

LIFE  HISTOBT  AND  HABITS. 

The  adult  female  deposits  her  e^  on  the  young  goOBeberries 
a  short  time  after  the  fruit  is  set.  The  young  larvffi  soon  appear  - 
and  bore  into  the  berry.  On  April  21  at  White  Plains,  N.  Y.,  no  trace 
of  an  infestation  could  be  found.  During  the  second  week  in 
May  occasional  berries  were  being  drawn  together  by  a  delicate 
silken  thread  which  that  year  was  the  earliest  evidence  of  the 
insect  in  this  planting.  About  the  last  week  in  May  the  caterpillars 
left  the  berries  first  attacked  and  webbed  tc^^ther  other  fruits  of 
the  cluster.  As  the  creatures  became  larger  in  size  several  berry 
clusters  were  usually  drawn  together  and  fonned  a  nest  in  which 
the  caterpillars  remained  concealed.  When  disturbed  the  larvie 
quickly  left  the  berries  or  the  nest  and  lowered  themselves  to  the 
ground  with  the  aid  of  a  slender  thread.  By  June  7  the  caterpillars 
were  mature,  and  on  June  28  few  of  the  creatures  were  to  be  found. 
On  the  latter  date  many  delicate,  finely-woven  cocoons  were  found 
among  the  injured  currant  clusters  or  fallen  leaves  and  other  debris 
on  the  ground  beneath  the  bushes.  Specimens  of  these  cocoons 
and  others  obtained  from  Jarvse  bred  in  the  laboratory  were  placed 
in  ca^ea  where  they  remained  until  the  following  spring  when  the 
raoths  emerged.     The  adults  appeared  during  the  last  week  in  April. 

» U.  S.  Nrtl  Mob.     Bui.  52,  p.  42ft,  1902. 
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deschiption. 

The  following  stages  of  the  insect  were  not«d: 

First  instar. —  Body  whitish;  head,  thoracic  shield,  and  appendages 
ferruginous.  Pro-legs  similar  to  body  with  a  brownish  ring  at 
their  extremities.  Spiracles  rii^ed  with  brown.  Anal  segment 
tinged  ferruginous  and  hairy.     Length  5)  mm.,  width,  1  mm. 

Second  inatar. —  Body  white,  finely  pitted  -with  dark  points. 
Thoracic  shield,  dark  ferruginous;  Head  and  mouth  parts  somewhat 
lighter,  showing  reddish  translucent.  Thorax  and  abdomen  con- 
colorous  with  haiis  r^ularly  placed  in  rows.  Anal  s^pnent  same 
color  as  other  abdominal  segments.  Appendages  somewhat  tinged 
with  brown.  Ijees  dark  color  in  this  stage  than  in  preceding  inatar. 
Lei^th  8  mm.,  width  IJ  mm. 

Third  instar. —  Body  yellowish;  head  light  amber.  Mouth  parts 
reddish  brown.  The  thoracic  shield  similar  to  head  in  color.  Thorax 
and  abdomen  finely  punctured,  giving  blackish  cast.  Huib  regularly 
placed  in  rows.    Length  10^  mm.,  width  2  mm. 

Fourth  instar. —  Body  pale  green  with  fwnt  tinge  of  yellow;  head 
much  swollen;  yellowish  translucent  in  color;  thorax  and  abdomen 
as  before.    Length  13  mm.,  width  3  mm. 

Fifth  instar. —  Deeper  green  than  preceding  instar.  Anal  segment 
with  a  si^gestton  of  yellow.  Head  yellowish  translucent.  Abdomen 
deeper  green,  translucent,  distinctly  tinged  with  red;  becoming 
deeper  as  stage  lengthens.    Length  15  mm.,  width  4  mm. 

Pupa. —  When  fully  formed  the  pupa  has  first  a  greenish  tinge 
which  gradually  changes  to  a  mahogany  brown  color.  The  spiracles 
are  papilliform  and  rather  prominent.  A  whorl  of  hooks  surrounds 
the  anal  tip. 

Cocoon. —  light,  fluffy,  silken  structure  of  a  close  weave;  often 
attached  to  several  leaves  or  may  hang  from  a  bunch  of  currants. 

Adult. —  "  Expands  22-25  mm.  Labial  palpi,  head,  antennae  and 
thorax  fuscous  gray;  fore  wings  very  light  gray  overlaid  with  fuscous 
and  blackish;  basal  field  rather  darker  in  the  middle;  basal  line 
near  base  whitish,  rounded  outwardly,  followed  by  a  broad,  even, 
rounded,  blackish  band;  middle  field  with  blackish  running  some- 
what in  longitudinal  stride,  with  two  parallel,  somewhat  coalescing 
white  stripes  just  anterior  to  middle;  discal  spot  fuscous,  diffuse, 
dentated ;  outer  line,  white  dentate  rather  oblique,  distinct,  mai^ned 
within  with  blacki^,  more  marked  costaUy,  and  lined  outwardly 
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with  blackish,  which  extends  over  the' outer  field;  margioal  points 
black.    Hind  wings  light  fuscous,  pellucid.'  " 

CONTROL  MEABTTRES. 

Suggestions  for  the  control  of  this  peat  usually  made  since  the  work 
of  Riley  and  Saunders  have  largely  consisted  of  preventive  mewures 
BUch  as  hand  picking  of  infested  fruits  or  clusters  or  of  allowing 
poultry  to  have  the  run  of  the  garden. 

In  1904  the  plantation  under  observation  was  divided  into  four 
plats  which  were  either  sprayed  with  a  weak  caustic  soda  solution, 
or  arsenate  of  lead,  or  dusted  with  hellebore.  This  work  was  done 
by  the  owner  after  webs  were  formed  and  when  the  berries  were 
largely  destroyed.  No  appreciable  differences  were  noted  between 
the  sprayed  and  unsprayed  bushes  at  the  time  pupaJ;ion  commenced. 

In  the  spring  of  1905  the  planting  was  divided  into  four  plats  which 
were  sprayed  respectively  with  lime-sulphur  wash,  arsenate  of  lead 
and  paris  green  in  bordeaux  mixture,  with  one  plat  as  check. 

The  hme-sulphur  spray  was  applied  before  the  buds  opened  and 
was  used  largely  for  the  San  Jos^  sct^e.  It  did  not  act  as  a  deterrent 
to  the  berry  moth.  The  poison  sprays  were  applied  just  as  the 
first  webs  appeared  on  the  currants.  No  great  differences  in  effective- 
n^s  were  noted  between  the  two  poison  sprays.  These  treatments 
were  very  beneficial,  and  in  both  instances  little  damage  resulted 
from  the  work  of  the  insects  on  the  sprayed  plats. 

In  1906  the  garden  was  again  sprayed  with  either  arsenate  of  lead 
or  paris  green  in  the  usual  proportions  just  as  the  earliest  webs 
were  beii^  formed.  On  June  1  scarcely  any  injured  berries  or 
clusters  were  observed,  although  the  unsprayed  bushes  were  quite 
badly  infested. 

A  GREEN^FRUIT-WORM  ON  APPLE.* 
{Grapkiphora  alia  Guen^.) 
The  common  species  of  green  fruit-worms,  which  cause  trouble 
in  apple  and  pear  orchards  by  chewing  holes  in  young  fruit,  have 
graerally  been  considered  as  belonging  to  the  genus  Xylina.  In  an 
effort  to  c<{rrelate  the  different  types  of  green  fruit-worms  found 
on  the  apple'with  the  moths  of  the  various  species,  the  writer  reared 
TruiB.  Am,  Ent.  8oe.  17:173,  ISOO. 
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to  maturity  a  number  of  specimenB  of  a  type  most  numerous  in 
a  n^ected  orchard  near  Geneva,  N.  Y.  (Plate  LXII).  These 
pupated  about  the  end  of  June,  1913,  in  earth  contained  in  flower 
crocks  and  were  buried  in  the  ground  for  the  remainder  of  the  year. 
Od  March  27,  1914,  gve  moths  appeared,  a  sixth  emerged  on 
March  28,  and  a  seventh  on  April  2.  All  proved  to  be  of  the  species 
Graphiphora  alia  Guen^.  Another  specimen  which  bad  been 
reared  from  a  green  caterpillar  collected  on  basswood,  emei^ed 
April  2  and  proved  to  be  Identical  to  those  reared  from  caterpillars 
on  apple. 

In  1914  another  lot  of  larvie  was  collected  from  the  foregoing 
apple  orchard.  They  were  all  carefully  examined  and  were  divided 
into  two  distinct  types,  one  of  which  was  probably  a  sp^iea  of 
Xylina  although  none  matured,  while  the  other  and  the  more 
numerous  type  proved  to  be  larvse  of  Graphiphora  alia  (Fig.  22). 
The  latter  pupated  during  the  last  week  of  June  and  were  kept 
buried  in  a  flower  crock  over  winter.  A  pair  of  these  moths  emerged 
OQ  April  7,  1915,  about  9  A.  M.  These  were  put  in  a  breedit^ 
cage  and  ^gs  were  depodted  on  April  10  or  11,  which  hatched 
diuiog  the  forenoon  of  April  16. 

The  young  larvte  were  placed  on  opening  apple  buds  in  lantern 
globes.  They  tunneled  into  the  buds  and  fed  on  the  young  leaves. 
They  grew  rapidly  in  the  laboratory  and  reached  full  size  by  May  15. 
In  the  later  stages  many  of  the  larvse  became  very  dark  (Fig.  2), 
much  darker  than  the  larvse  from  which  the  adults  were  reared, 
but  retuned  the  same  structure  and  markings  exhibited  by  the 
light  s 


DESCRIPTION    OF   LIFE    STAGES. 

Egg. —  The  egg  (Fig.  21)  is  of  the  type  common  to  the  group. 
It  is  hemispherical,  about  .65  mm.  to  .70 
mm.  in  diameter  and  of  a  pale  purplish  gray 
color.  Its  surface  is  ornamented  with  be- 
tween thirty  and  forty  riba  which  radiate  j 
from  the  center.  The  riljs  are  somewhat 
wavy  in  outline  and  are  made  up  of  a  series 
of  elevations. 

Larva:  First  insiar. —  Pale,  uniform,  green- 
ish gray.     Head  and  dorsal  plate  on  fltst  segment  htaxsk  and 
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ahioiag.  Last  segmeot  dark.  Each  segment  with  several  black 
bristles  with  black  spots  at  the  bases.  Length  1.75  to  2.5  mm. 
Head  .37  mm.  wide. 

Second  instar. —  Body  grayish  green,  more  green  on  posterior 
part.  With  five  longitudiiifd  pale  lines,  consisting  of  a  median 
dorsal  and  paired  lateral  lines,  and  a  narrow  pair  of  lines  intermediate 
in  position  and  indistinct  on  first  three  segments.  Head  dark 
brown;  plate  on  first  segment  light  brown.  Length  3.6  to  6  mm. 
Head  .57  ram.  wide. 

Third  instar. —  Body  darker  green.  White  lines  more  distinct. 
Head  light  brown;  plate  on  first  segment  pale.  Length  7  to  9  mm. 
Head  .87  mm.  wide. 

Fourth  instar. —  Body  light  to  dark  green.  Head  pale,  mottled 
with  brown  spots.    Two  pairs  of  bristle-bearing  black  spots  nearest 


Fio.  22. —  Larva  of  Oraphiphora  alia  (enlabqed). 

median  line  on  each  segment  ore  bordered  on  the  outer  side  by 
a  larger  white  crescent-shaped  spot.  Length  10  to  16  mm.  Head 
1.37  mm.  wide. 

Fifth  irtatar. —  Body  light  green  or  in  some  specimens  dark  grayish 
green;  color  darkest  just  above  lateral  white  lines.  Upper  parts 
and  portion  of  sides  below  lateral  line  speckled  with  minute  white 
spots.  Outer  faces  of  prolegs  with  a  black  patch.  Length  IS 
to  22  mm.     Head  2.2  mm.  wide. 

Sixth  instar.  {Fig.  22.)  —  Color  light  yellowish  green  or  occasion- 
ally dark  grayish  green,  darkest  toward  the  sides;  the  first  and  last 
s^ments  paler.  With  five  longitudinal  white  or  cream-colored 
lines.  The  median  line  is  narrow  on  the  first  three  segments  and 
ends  on  the  penultimate  segment.  The  broad  lateral  lines  include 
the  stigmata  and  are  clouded  with  gray  on  the  lower  half;  the 
posterior  end  slants  downward  and  runs  to  the  tip  of  the  posterior 
1^.  The  intermediate  lines  are  irregular  in  outline  and  much 
broken  near  the  anterior  and  posterior  ends.    The  whole  upper 
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part  of  the  body  is  speckled  with  minute  whitish  spots.  The  black 
bristle-bearing  spots  are  small  and  inconspicuous;  the  two  pairs 
nearest  the  me- 
dian line  on  each 
segment  are 
bounded  on  the 
outer  ude  by 
prominent  white 
spots.  Head 
pi^e,  mottled 
with  light  brown. 
Thoracic   legs 

dark  at  tip  only;  „     „      .  ,     , 

1  -,i  fiO'  23. —  Adult  or  Oraphiphora  alia  (BNLABaBD), 

prolegB   with    a 

dark  patch  on  the  outer  face.    Ventral  area  pale.    Length  30  to  35 

mm.     Head  3  mm.  wide. 

AdvU.     (Fig.  23.)  —  "  Varies  in  ground  color  from  pale  luteous 

gray  to  dark  grayish  brown. ^     Median  lines  obsolete  or  very  faint; 

t.  p.  line  usually  punctiform.     S.  t.  line  irregular,  pale,  preceded 

by  a  darker  shade.     A  row  of  black  terminal  dots.     Ordinary  spots 

laige,    pale   ringed,   reniform   usually   darker,   at   least   inferiorly. 

Secondaries  pale  fuscous,  powdery.     Beneath  powdery,  with  more 

or  less  complete  common  line  and  distinct  diecal  spot.    Head  and 

thorax  concolorous.    The  harpes  (Fig.  24)  of  the  male  are  suddenly 

narrowed    and     curved 

toward  tip,  which  at  its 

inferior  angle  is  produced 

'-  into    a    long,    straight, 

acute  process.     The 

clasper  is  long,  slender, 

regulariy     curved     and 

acutely  terminated.    At 
Fio.  24. — GEHiTAi-tiTRucrvuxa  or  Orapkiphora  alia.     ,,        .  jl 

'^  '^  the    base    there    is   an 

additional  small,  slender  corneous  process.     Expands  1.40  to  1.60 

inches  (35  to  40  mm.). 

Habitat.—  Northern,  Middle  and  Eastern  States;  Missouri." 

Revision  of  some  Tseniocamind  Genera,  froc.  U.  8.  Nat.  Muaeam. 
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SOME  INSECTS  ATTACKING  THE  PEAR,   AND 
THEIR  CONTROL.* 

p.  J.  PABBOTT. 

(Thii  matter  was  pnpwed  !ot  »  pubfio&tioii  of  Uie  State  Department  of  Agrioulttm 
and  fint  wed  there.  It  ii  boe  i^trinted  wiUkout  change  in  text  but  with  numben 
«(  figuTM  adapted  to  the  aeries  in  thu  report.) 

The  pear  is  subject  to  attack  by  many  of  the  insects  that  are 
injurious  to  the  apple.  As  is  characteristic  of  all  fruits,  however, 
there  are  certain  pests  pecuHar  to  it  or  to  which  it  displays  an  unusual 
d^ree  of  susceptibiHty  —  as  the  pear  {Hiylla,  the  sinuate  borer,  or 
the  pear  thrips.  The  more  injurious  species  to  be  considered  in  the 
upkeep  of  a  pear  orchard  may  be  classified  in  the  foUowing  order: 

losecte  attacking  the  trunk  and  branches. —  Sinuate  borer,  round- 
beaded  borer,  flat-headed  borer. 

Insects  incrusting  the  bark. —  San  Jos6  scale,  oyster-shell  scale, 
scurfy  scale. 

Insects  attacking  the  blossom  buds  and  fruit. —  Codling  moth, 
false  tarnished  plimt  bug,  pear  midge,  pear  thtips,  plum  curculio, 
bud  moth,  leaf  rollers,  green  fruit  worms. 

Insects  attacking  the  foliage. —  Pear  psylla,  pear  slug,  blista* 
mite. 

INSECTS  THAT  ATTACK  THE  TRUNK  AND  BRANCHES. 

The  Sinnaie  Borer. 
The  sinuate  borer,  Agrilus  sinuaius  Olivier,  which  is  of  European 
origin,  appears  to  be  confined  to  five  or  six  fruit^owing  counties 
contiguous  to  the  Hudson  River  in  the  southeastern  part  of  the 
state.  Its  ravages  have  been  of  such  a  character  that  it  has  almost 
discouraged  the  planting  of  pears,  and  it  now  promises  to  exterminate 
the  orchards  that  were  establidied  before  its  appearance  in  that 
region.  The  adult  insect  is  a  small  copper-colored  beetle  about  one- 
tlurd  of  an  inch  long.  It  makes  its  appearance  during  the  fore  part 
of  June  and  deposits  its  eg^  in  depressions  or  crevices  in  the  bark  of 
the  trunk  or  branches.  Upon  batching,  which  occurs  about  the 
first  of  July,  the  young  larva  burrows  directly  from  the  e^  to  the 
sapwood,  where  it  cuts  an  irr^fular  serpentine  mine  that  is  very 
characteristic  and  easily  distinguishable  from  the  work  of  other  borers 
attacking  pear  trees.  The  girdling  of  the  bark  kills  the  trees  or 
weakens  them  so  that  they  lapse  into  a  languishing  state  and  become 
unproductive. 

*  A  reprint  of  Cireular  No.  61,  May  15,  1916. 
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Trealmeid.  Wood-boring  insects  are  generally  difficult  pests  to 
combat,  and  this  beetle  in  particular  presents  a  series  of  difficulties 
not  usually  encountered  in  a  single  species.  For  small  trees  perhaps 
the  most  satisfactory  method  of  control  is  to  cut  into  the  mine  of 
Uie  insect  and  destroy  the  inmate.  The  course  of  the  mine  can 
usu^y  be  traced  by  the  discoloration  and  splitting  of  the  bark  follow- 
ing the  tunneling  by  the  borer.  Recent  studies  have  shown  that 
the  beetles  feed  readily  on  the  fohage,  and  they  point  to  the  possi- 
bility of  successfully  controlling  the  insect  by  an  application  of  an 
arsenical  spray  during  the  latter  part  of  May,  or  shortly  before  the 
beetles  begin  to  appear.  Worthy  also  of  trial  during  early  June  is 
an  application  of  a  deterrent  wash  to  the  trunks  and  branches  in 
order  to  prevent  ovipoeition.  For  bearing  orchards  the  latter  meas- 
ures are  recommended  tentatively,  pending 
the  results  of  our  experiments  to  determine 
their  merits. 

The  Round-  and  Flat-headed  Borers. 

The  round-headed  borer,  Saperda  Candida, 
Fab.,  and  the  ftat-headed  borer,  Chryso- 
bothris  femoraia  Fab,,  are  very  destructive 
pests  to  different  fruit  trees,  including  the 
pear,  and  they  do  more  damage  than  the 
average  grower  appreciates.  The  injuries 
ace  caused  by  the  grubs,  or  larva,  that 
work  beneath  the  bark.  If  the  burrows 
or  channels  of  the  insects  are  numerous, 
the  bark  may  be  girdled,  resulting  in  the 
decline  and  death  of  the  trees.  Recent 
investigations  have  also  shown  that  insects 
play  an  important  role  as  disseminators  of 
diseases.  It  is  now  believed  that  various 
wood-boring  insects  are  in  part  responsible 
for  cankers  and  other  disorders  of  the  trunks 
of  fruit  trees.  The  wounds  and  holes  in 
the  bark  produced  by  these  pests  certainly 
make  it  possible  for  disease-producing  or- 
ganisms to  establish  themselves  in  the  tree. 

The  adult  round-headed  borer  is  a  hand- 
some beetle  about  three-quarters  of  an  inch 
long  and  light  brown  in  color,  with  two  white 
stripes  across  thorax  and  along  each  wing.  The  adult  of  the  asso- 
ciated species  is  a  dull  metallic  brown  in  color  and  about  one-half 
inch  in  length.  The  life  histories  of  the  two  insects  are  very  similar. 
The  eggs  are  deposited  in  crevices  or  slits  in  the  bark,  and  from  these 
there  develop  the  pale  grubs,  which  may  be  observed  working 
beneath  the  bark  and  which  are  familiar  to  most  growers. 


Fio.   28.— The   Roimi>- 
Headbd    Appli    Tbu 
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Tr&iiment.  The  trees,  especially  in  young  plantings,  should  be 
inspected  every  fall  and  spring  for  discolored  areEis  in  the  bark  or 
for  wounds  from  which  there  is  exudation  of  sap  or  for  sawdust- 
like castings.  When  such  are  detected,  the  borers  should  be  cut 
out  by  means  of  a  strong,  sharp  knife.  Grubs  buried  deeply  in 
the  beartwood  may  be  destroj^ed  by  probing  with  a  piece  of  wire 
or  by  injecting  carbon  bisulpuiide  into  the  burrows,  after  ^rfiich 
the  openings  should  be  immediately  sealed  with  graftii^  wax.  As 
unthrifty  trees  are  more  susoeptiue  to  attack,  the  needs  of  the 
orchard  in  other  respects  should  be  g^ven  careful  attention  for  the 
purpose  of  stimulating  the  teees  to  outgrow  the  injuries  and  ward 
off  subsequent  attacks. 

INSECTS  THAT  INCRUST  THE  BABK. 

The  San  Jose  Scale. 

San  3oe6  scale,  Aspidiotua  pemiciosua  Comstock,  ranks  aa  one 
of  tiie  worst  pests  of  fruit  trees.  Besides  the  pear,  it  attacks  the 
cherry,  apple,  peach,  plum,  currant  —  practically  all  our  common 
orchtutl  trees  and  bush  fruit«.  It  thrives  abo  on  many  shade  trees 
and  ornamental  shrubs. 

Lai^  numbers  of  this  scale  appear  as  a  grayish,  scurfy  deposit, 
not  unlike  a  coat  of  ashes.  The  bark  becomes  rough  and  dull 
instead  of  having  a  smooth  and  polished  appearance.  Branches  that 
are  infested  wiUi  large  numbers  of  the  insect  usually  show  dead 
twigs,  and  fc^age  is  sparse.  Infested  leaves  are  often  marked 
wit£  red  or  purpUsh  spots.  The  pears  are  rough,  scabby,  and 
spotted  with  red,  the  reddish  discoloration  being  most  noticeable 
around  the  margins  of  the  scales.  The  wonderful  power  of  repro- 
duction of  this  species  makes  it  the  most  formidable  of  our  orchard 
scales. 

Treatment.  To  combat  San  Joa&  scale,  the  grower  should  f^ply 
Hme-sulphur  sdution  late  in  fall  or  preferably  in  spring  just  beFore 
the  leaves  b^n  to  show.  The  concentrated  solution,  testing 
from  thirty-two  to  thirty-four  degrees  Baurn^,  should  be  diluted 
in  the  proportion  of  one  gallon  to  eight  or  nine  gallons  of  water. 
Commercial  miscible  oils  diluted  with  twelve  or  hfteen  parts  of 
water  are  used  with  considerable  success  by  some  growers.  These 
preparations  should  be  applied  in  spring  while  buds  are  swelling. 

The  Oysler-SheU  Scale. 

Ojrstw^dl  scale,  Lepidosaphes  idmi,  Unn.,  appears  as  a  brown 

scale  about  one^xth  of  an  inch  long,  closely  resembling  the  bark 

in  color  and  somewhat  like  a  long,  narrow  oyster  shell  in  shape. 

In  some  seas<ms  the  insects  appear  in  such  numbers  that  twigs  sJid 
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braDches  are  literally  covered,  in  which  event  the  health  and  vigor 
of  the  trees  are  seriously  imp^red.  This  species  is  commonly 
found  on  pear  and  apple,  although  it  attacks  many  other  plants. 

The  Scurfy  Scale. 

Scurfy  scale,  Ckionaspis  furfura  Fitch.,  somewhat  resembles  the 

oyster^ell  scale,  but  is  easily  distinguished  from  it  by  its  greater 


Fio.  27. —  CouHON  Scale  Insectts  (Much  Enlarged), 
(a)  San  Johv  Scale,  (b)  OrBTEH-SBrLL  Scale, 
(c)  ScuHPT  Scale. 

breadth  and  white  color.  When  present  in  large  numbers  it  is 
conspicuous  by  its  contrast  with  the  dark  bark.  It  is  common  on 
pear,  apple,  and  quince. 

Successive  years'  spraying  with  the  lime-sulphur  mixture  as 
indicated  for  San  Jos6  scale  will  also  free  the  trees  from  oyster- 
shell  scale  and  scurfy  scale.  About  the  middle  of  June,  as  the 
young  scales  hatch,  the  latter  species  may  also  be  efficiently  con- 
trdl^  by  applying  one  pound  of  fish-oil  soap  dissolved  in  five 
gallons  of  water,  or  kerosene  emulsion  diluted  with  eight  parts  of 
water. 
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INSECTS  THAT  ATTACK  THE  BLOSSOMS  AND  FRUIT. 
The  Codling  Moth. . 
The  codling  moth,  Carpocapsa  pomonella  Linn.,  is  responsible  for 
wormy  pears.  The  damage  to  the  fruit  is  done  by  a  worm,  or 
caterpillar,  of  a  small  moth,  popularly  known  as  the  codling  moth. 
There  are  two  broods  of  worms.  The  first  brood  appears  in  early 
summer,  while  the  second  brood  is  active  during  late  summer. 
The  worms  of  the  first  brood  are  hatched  from  tiny  disklike  eggs, 
laid  on  the  trees  by  the  parent  moths,  on  or  near  young  pears.  Two 
or  three  weeks  titer  the  trees  have  blossomed,  the  eggs  hatch. 
The  young  worm  crawls  to  the  blossom  end  of  the  pear  and  burrows 
into  the  interior  of  the  young  fruit,  feeding  as  it  goes.  After  feed- 
ii^  for  two  or  three  weeks,  the  worm  leaves  the  pear  and  spins  a 


Fig.  28.— The  Codlino  Moth:     (a)  Wobk  in  Apple;  (b)  Moth. 

cocoon  under  the  rough  bark  of  the  trees  or  under  adjacent  rubbish. 
Within  this  cocoon  it  changes  to  a  pupa,  and  later  to  a  moth,  which 
is  the  codUng  moth  of  the  second  brood.  In  the  latitude  of  Geneva 
the  second  brood  of  moths  appears  dining  the  latter  part  of  July 
or  early  August.  During  some  seasons,  the  late  brood  of  worms  is 
rather  numerous  and  is  responsible  for  the  increasing  numbers  of 
wormy  fruit  as  the  time  of  picking  approaches.  These  late  worms 
spend  the  winter  in  cocoons  a&  described  and  do  not  transform  to 
moths  until  spring,  after  the  trees  have  blossomed. 

TTeatment.  Nearly  all  the  codling-moth  worms  seek  the  blossom, 
or  caljrx,  end  of  the  young  pear,  where  they  feed  before  burrowing 
into  the  interior.  The  object  in  spraying  is  to  coat  this  portion  of 
the  young  pear  with  poison  so  that  the  worm  may  be  destroyed  at 
its  first  meal.  The  best  time  to  apply  the  poison  is  after  the  blossoms 
have  largely  dropped  and  before  the  calyx  cup  closes.  Direct  the 
nozzles  so  that  the  spray  will  be  shot  into  the  throat  of  every  blossom, 
or  calyx  cavity. 
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Aisenate  of  lead  is  recommended,  as  it  is  extremely  poisonous 
to  the  codling-moth  worms  and  on  drying  is  very  evenly  distributed. 
If  it  is  properly  made,  it  is  the  most  adhesive  of  spraying  poisons 
and  does  not  generally  cause  burning  of  foUage. 
Bordeaux    mixture    is  recommended    as    the 
carrier    of    this    poison.     Arsenate    of    lead 
should  be  employed  in  the  proportions  of  two 
or  three  pounds  to  fifty  gfdlons  of  water,  or 
of  bordeaux  mixture,  if  it  is  desired  to  apply 
a  fungicide. 

Tke  False  Tarnished  Plavi  Bug- 

The  false  tarnished  plant  bug,  Lygus  invitus 
Say,   is   responsible  for  a  diseased   condition 
of  pears  characterized  by  the  cracking  open 
of  the  skin  in  small  spots  and  the  formation 
<rf  protruding  granular  areas.     Fruits  seriously 
injured  are  usually  much  deformed  and  under- 
sized.    The  damage  is  done  by  the  nymphs 
that  make  their  appearance  during  the  period 
when  the  trees  are  coming  into  blossom  and 
until  pollination  is  completed,  when  the  young 
fruits  are  the  size  of  filberts.     A  single  nymph 
may  stab  a  pear  many  times,  and,  while  the     ^°-   29.—  Tan  Falbh 
initial  wounds  are  at  first  slight  and  seemingly      Tarni8hbdPl4ntB«q; 
mconsequential,  they  nevertheless  produce  a      youno  Pbar. 
disfiguration  that  becomes  increasingly  promi- 
nent as  the  fruit  increases  in  size.     All  the  leading  sorts  of  pears 
are  subject  to  injury. 

Treatment.  Spray  the  trees  with  three-fourths  of  a  pint  of 
nicotine  solution  (40  per  ct.)  to  one  hundred  gallons  of  water,  to 
which  is  added  three  pounds  of  soap  to  cause  the  Uquid  to  stick  and 
spread  better.  The  apphcation  should  be  made  just  after  the 
blossoming  period  or  when  petals  are  falUng. 

The  Peiir  Midge. 
The  pear  midge,  CorUarinia  pyrivora  Riley,  causes  young  pears  to 
become  stunted  and  deformed.  The  identity  of  the  species  is 
readily  recognized  by  cutting  into  a  young  affected  fruit,  when  tiny 
m^gots  will  be  observed  working  in  and  around  the  core.  Eggs 
are  laid  by  a  tiny  midge  in  the  interior  of  the  imopened  blossom. 
On  hatching,  the  young  larvie  work  their  way  to  the  ovary  and 
feed  about  the  core.  After  completing  its  growth,  the  maggot 
abandons  the  fruit  and  enters  the  ground,  where  it  remains  until  the 
foUowii^  spring. 
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Trealment.    No  satisfactory  means  for  the  prevention  of  losses 


Fio.  31.— Th«  Pm*B  Miime:    Yodno  PaiRS  Dbfokmcd  bt  Labtx. 

to  the  crop  have  been  devised,  and  it  is  fortunate  that  the  insect 
;=  n(  rathoi-  inpol  imnnrtance.  For  the  protec- 
3  desirable  to  collect  and 
)f  May  all  infested  fruits, 
iahed  by  their  size  and 
ial  plantings  the  only 
id  thorough  cultivation 
during  June  and  July. 

The  Pear  Tknps- 
The  pear  thrips,  Tmni- 
otkrips  pyri  Daniel,  oc- 
curs in   all  the   leading 
fruit^5TOwing  sections  of 
the  stat«.    It   is   most 
injurious  in  the  Hudson 
Valley  and  has  attracted 
the  attention  of  growers 
ies   of  Germantown   and 
hrips,    which   is    largely 
es  to  the  trees,  is  a  small, 
insect   measuring   about 
li  in  length.     It  appears 
IT,    lo    T-  T>.      '°  destructive  numoers  when  the  buds  are  open- 
^     Twn-    1^  'ng.  attacking  the  tenderest  of  the  flower  parts. 
(Much  enlarged.)    While   all   fruits  are  subject  to  attack,  pears  of 
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the  varieties  Kieffer  and  Seckel  Bustain  the  greatest  damage.  In 
severe  attacks  the  trees  are  wet  with  sap,  which  runs  down  the  fruit 
spurs,  discoloring  the  bark,  while  bud  scales,  blossom  bracts,  and 
sepals  of  unopened  blossoms  become  blackish  or 
discolored.  At  time  of  full  bloom,  trees  severely 
injured  appear  as  if  struck  by  blight.  The  eggs  are 
mostly  deposited  in  the  blossom  and  fruit  stems. 
Hatching  takes  place  in  a  few  days,  and  after  feed- 
ing for  about  two  weeks  the  larvs  drop  to  the 
ground.  In  a  protectit^  cell,  the  insect  completes 
its  transformations  and  emerges  from  the  ground 
in  spring  as  an  adult. 

Treatment.  The  thrips  is  a  difficult  j>est  to  com- 
bat because  of  the  nature  and  suddenness  of  its 
attacks.  Spraying  is  the  most  efficient  method  of 
control.  The  period  for  effective  spraying  is  during  the  time 
when  buds  are  breaking  and  until  they  are  entirety  opened  at 
the  tips.  The  most  efficient  mixtures  are  nicotine  preparations 
in  combination  with  an  oil  emulsion  or  soap. 
A  very  satisfactory  formula  is  three-fourths 

Eint  of  nicotine  solution  (40  per  ct.)  in  one 
undred  gallons  of  water,  adding  from  two 
to  five  pounds  of  soap.  Apply  the  spray  in 
liberal  quantities  as  a  rather  coarse,  driving 
spray,  holding  the  nozzle  fairly  close  to  the 
buds  in  order  to  force  the  liquid  into  the 
ends  of  the  buds.  When  petals  drop,  the 
treatment  should  be  repeated  to  destroy  the  ' 
larvae.  Considerable  protection  may  be 
afforded  to  the  trees  by  a  heavy  applica- 
tion of  a  whitewash  as  buds  are  beginning 
to  break  at  the  ends.  The  white  wash  is 
made  by  slaking  eighty  pounds  of  quicklime 
for  each  one  hundred  gallons  of  wa^.  This 
should  be  strained  through  fine  brass  screen- 
ing before  applying. 

The  Plum  Curculio. 
The     curculio,     Conolrackelus      nenuphar 
Herbst.,  causes  deformed  and  knotty  pears. 
It  also  produces  holes  in  the  maturing  fruit    *^o-    34.—  The     Pea* 
that  are  often  confused  with  the  work  of      "^^"""/rif^fl?'! 
the    codling    moth.     The   adult   is  a  smaU  tijauarged.; 

gray  beetle  that  passes  the  winter  under  the  bark  of  trees  or 
under  rubbish.  This  insect  appeus  early  in  spring  and  deposits 
its  eggs  in  young  fruits.    The  egg  is  inserted   under  the  skin, 
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after   which  a  crescent-shaped  cut  is  made    around    one    side  of 
the  puncture.     Egg  laying  continues  for  about  two  months. 

Treatment.  The  plum  curculio  is  rarely  injurious  to  commercial 
plantings  of  pears  in  New  York,  except  where  the  orchard  is  adjacent 
to  woods,  brush  land,  or  other  favorable  hibernating  quarters,  or 
to  plantings  of  plums  and  peaches.  The  most  effective  means  of 
combating  this  pest  in  pear  and  a^e  orchards  are:  spraying  with 
lead  arsenate,  clean  cultivation,  tillage,  and  destruction  of  wind- 
falls. It  is  possibte  to  reduce  the  numbers  of  the  insects  in  nearby 
plantings  of  plums  and  peaches  by  jarring  the  plum  or  peach  trees 


or  by  spraying  with  arsenate  of  lead  just  after  blossomit^.  If  the 
infestation  is  due  to  the  close  proximity  of  woods  or  waste  lands, 
such  places  should  be  cleared  of  the  underbrush  or  burned  over  during 
the  winter  so  as  to  destroy  hibernating  insects. 

The  Bud  Moth. 
The  larva  of  the  bud  moth,   Tmetocera  oceUana  SchifE,,  hiber- 
nates over  winter  under  a  tiny  shelter  on  the  young  wood,  and 
in   spring   attacks    the   opening   buds.     Later,    when    leaves    and 
blossoms  unfold,  it  seeks  the  clusters,  forming  a  retreat  in  the 


New  Yobk  Agricultdral  Experiment  Station.         465 

webbed  leavee.  By  reason  of  its  destnictivenesB  to  buda  and 
blossoms,  tbe  bud  moth  is  a  serious  peet  during  some  seasons.  The 
caterpillar  is  darkish  red  in  color  and  pupates  in  June.  The  moth 
makes  its  appearance  about  ten  days  later,  and  soon  afterward 
e^^  are  deposited  for  the  next  year's  brood.  From  these  eggs, 
caterpillars  hatch  that  feed  on  the  leaves  until  fall,  when  they 
seek  sheltered  retreats  for  the  winter. 

Trea^nent.  Systematic  spraying  with  arsenicals  each  year  will 
control  this  species.  The  times  for  effective  spraying  are,  first, 
as  the  buds  begin  to  expand,  and,  secondly,  when  the  leaves  are 
fcurly  out. 

The  Leaf  Rollera. 

The  oblique-banded  leaf  roller,  Arckips  roaaceana  Harris,  and  the 
friut-tree  leaf  roller,  Arckips  argyrosptla  Walker,  are  native  insects 
that  feed  on  a  variety  of  fruits,  such  as  pear,  apple,  peach,  plum, 
and  cherry.  These  insects  also  attack  various  shade  and  forest 
trees.  The  leaf  rollers  are  destructive  to  fruit  trees  during  some 
seasons  because  of  their  work  on  bl(«soms,  young  fruits,  and  foliage. 
The  oblique-banded  leaf  roller  attacks  young  pears  as  soon  as  they 
set  and  coatinues  feeding  on  them  until  the  fruit  attains  nearly  an 
inch  in  diameter.  They  eat  large  round  holes,  sometimes  extending 
to  or  even  beyond  the  core.  The  larva  of  the  fruit-tree  leaf  roller 
appears  as  the  buds  ane  bursting  and  feeds  on  the  unfolding  leaves. 
The  leavee  and  blossom  clusters  are  tied  together  in  a  web,  within 
which  the  larvs  feed.  The  injury  to  the  fruit  is  similar  to  that 
described  for  the  above  associated  species.  The  caterpillars  mature 
is  Jime,  and  the  moths  appear  about  one  month  later.  The  fruit* 
tree  leaf  roller  deposits  its  eggs  on  the  bark  of  tbe  trunk  and  twigs, 
where  they  remain  through  the  winter. 

Treatmeni.  Very  careful  and  thorough  spraying  with  arsenate 
of  lead  (three  pounds  to  fifty  gallons  of  mixture)  should  afford 
satisfactory  protection.  The  first  application  should  be  made 
shortly  after  the  eggs  begin  to  hatch,  which  will  be  when  the  first 
green  foliage  is  showing  on  the  trees,  and  the  second  as  soon  as 
the  blossom  buds  have  separated  in  the  clusters.  The  fruit-tree 
leaf  roller  has  proved  a  difficult  insect  to  control.  Arsenate  of 
lead  should  be  appUed  as  recommended  for  the  associated  species. 
Recent  experiments  indicate  that  the  insect  may  be  efficiently 
combated  by  thorough  spraying,  just  before  buds  open,  with  mis- 
cible  oil  diluted  with  fifteen  parts  of  water. 

The  Green  Fruii  Worms. 

The  green  fruit  worms,  Xylina  spp.,  sometimes  do  serious  injury 

by  eating  into  the  young  pears.     They  also  attack  apples,  plums, 

cherries,  peaches,  and  quinces.     The  full-grown  caterpillars  measure 

from  an  inch  to  nearly  an  inch  and  a  half  in  length.     They  are 
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green  or  yellowish  green  in  color  with  various  irregular  markings  and 
stripes,  the  most  prominent  of  the  latter  being  a  nairow,  cream- 
colored  stripe  down  the  middle  of  the  back  and  a  wider  one  along 
each  side.  The  caterpillars  are  most  destructive  during  May,  soon 
after  the  fruit  has  formed.  They  continue  feeding  until  about  the 
middle  of  June,  They  feed  mostly  at  night,  resting  on  the  undei^ 
sides  of  the  leaves  during  the  day.  When  full-grown,  they  go  into 
the  ground,  form  a  rough  cocoon,  and  pupate.     The  adults  are  dull- 


colored  moths,  measuring  about  two  inches  from  tip  to  tip  with  the 
wings  spread.  They  lay  their  eggs  in  spring,  and  the  caterpillars 
appear  during  the  early  leafing  period, 

Treaiment.  These  insects  are  difficult  pests  to  combat  when 
once  they  have  acquired  a  taste  for  the  young  fruits.  They  are, 
however,  much  less  destructive  in  orchards  that  are  well  sprayed 
each  year  and  given  careful  attention  in  other  respects.  Observa- 
tions indicate  that  the  most  satisfactory  means  of  protecting  the 
crop  is  thorough  spraying  with  arsenicals  before  bloBSomii^  and 
after  petals  drop.  Cultivation  is  unquestionably  fatal  to  many 
of  the  pupse  in  the  ground. 
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insects  that  attack  the  fouaqb. 
The  Pear  PsyUa. 
Probably  the  most  troublesome  insect  attacking  the  pear  is  the 
pear  psylla,  PsyUa  pyricola  Forater.     These  tiny  insects  are  simi- 
lar  in  many  ways   to  aphides  and  are  sometimes 
called  jumping   plant  lice.      Like   plant   lice,    they  "^ 
are  sucking  insects,   and  multiply  raindly,  so  that 
uulesa  checked,  they  make  up  in  numbers  what  they 
lack  in  size  and  may  injure  the  trees  very  severely. 
A  number  of  broods  are  produced  in  summer,  and  the 
adults  that  live  through  the  winter  are  quite  distinct 
from  the   summer  adults.     They   appear  early   in 
spring  and  deposit  their  eggs  in  protected  places  on 
the   bark.     The  eggs  hatch  in   about  three  weeks, 
and  the  little  larvie,  or   nymphs,  at  once  begin   to 
suck  the  juices  from  the  young  leaves  and  twigs.     A 
favorite  place  for  the  young  nymphs  is  in  the  axils 
of  the  leaves  and  at  the  bases  of  the  fruit  stems. 
Within  two  or  three  days  after  hatchii^  they  cover 
themselves  with  honeydew,  which  fintdly  becomes  * 

very   abundant.    The    leaves  become  stunted  and    ^  ^iTlJ*' 
sometimes  fall,  and  the  fruit  ceases  to  grow  in  size      ^^x^"^*^^' 
and  may  drop  prematurely  if  the  work  of  this  first 
brood  is  continued  by  the  later  broods.     In  long-continued  attaclcs 
the  trees  may  become  almost  defohated,  and  the  new   leaves,  if 
they  appear,  are  generally 
few   in   number   and    pale 
in  color.     With  the  injury 
caused  by  the  draft  on  the 
sap   of    the   tree,  there   is 
joined  an  external  disfigure- 
ment of  both  leaves  and 
wood  due  to  the   copious 
secretion   of  honeydew  by 
the  psylla,  which  serves  as 
food  for  the  sooty  fungus. 
Growth  of  this  fungus  soon 
gives  the  wood  a  smutty, 
discolored  appearance  and 
darkens    and     stains     the 
leaves.     If  the  attacks  of 
psylla  are  severe,  the  trees 
FiQ.  39.— The  Peab  Pbtli*:  Eao».  gointo winterinaweakened 

state  and  succumb  much 
more  readily  to  low  temperatures  than  do  uninjured  trees. 
Renewed  attacks,  year  after  year,  so  lessen  the  vitality  of  the  trees 
that  they  become  improductive. 
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Treatment.  Durii^  seasons  when  it  is  superabundant  the  psylla 
is  greatly  feared,  although  moat  growers  fail  to  protect  their  orchards. 
The  causes  for  fwlures  are  not  always  apparent,  but  spraying  prac- 
tices with  many  orchardiste  are  usually 
faulty  in  that  there  is  no  systematic 
treatment  of  the  trees,  and  directions 
for  spraying  are  not  always  correctly 
interpreted  or  carefully  followed.  For 
orchards  annually  subject  to  attack  the 
following  measures  are  recommended: 

1.  Practice  clean  culture  so  as  to  pre- 
vent Hiea  from  wintering  in  accumula- 
tions of  matted  leaves  and  weeds. 

2.  Remove  rough  bark  in  order  to 
discourage  flies  from  wintering  on  the 
trees  and  to  render  them  more  exposed 

Pre  «  — TdPbauPbtlla-     ***   sprayii«    mixtures.     Bark    is    more 
Laota.    (Enlarged.)  easily  detached    immediately  following 

a  wet  period.     Care  should  be  taken 
not   to   cut   into  the  live  tissues. 

3.  Spray  thoroughly  to  kill  the  flies  with  nicotine  solution  (40 
per  ct.)  using  three-fourths  pint  to  one  hundred  gallons  of  water 
and  three  pounds  of  aoap,  preferably  during  a  warm  spell  in  November 
or  December,  or  during  March  or  early  April.  Select  a  day  when 
the  mixture  will  not  freeze  on  the  tre^.  Some  growers  prefer  a 
miscible  oil,  using  one  gallon  diluted  with  fifteen  gallons  of  water. 
This  treatment  should  he  made  only  in  spring  before  the  buds  open 
and  on  days  when  there  is  no  danger  of  freeing  of  the  spraying 
mixture, 

4.  Spray  trees  thorou^y  with  the  lime-sulphur  mixture  at  winter 
strength  so  as  to  destroy  the  e^;s.  This  treatment  should  be  made 
during  the  latter  part  of  April  or  early  in  May,  or  just  before  the 
cluster  buds  separate  at  the  ends. 

5.  Spray  the  trees  thoroughly  just  after  blossoms  drop,  in  order 
to  kill  the  newly-hatched  nymphs,  with  nicotine  solution  (40  per 
ct.),  using  three-fourths  of  a  pint  to  one  hundred  gallons  of  water 
and  three  pounds  of  soap  or  kerosene  emulfdon  diluted  with  eight 
parts  of  water.  Direct  the  spray  into  the  axils  of  the  leaves  and  fruits, 
and  wet  both  surfaces  of  the  leaves. 

If  the  work  is  well  done,  it  is  not  necesBary  to  carry  out  all  of  these 
measurea  each  year.  If  the  trees  have  been  carefully  scraped, 
a  combination  of  treatments  3  and  4  or  3  and  5  should  be  sufficient. 
Some  growers  have  entirely  controlled  the  psylla  with  treatment 
3  alone,  to  kill  the  hibernating  flies.  Where  adjacent  orchards  are. 
neglected,  however,  it  may  be  necessary  to  make  applications  during 
the  summer  so  as  to  control  invaders  from  such  imsprayed  planta- 
tions. In  this  event  frequent  and  thorough  spraying  with  nicotine 
solution  and  soap  is  advised. 
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The  Pear  Slug. 

The  larve  of  this  spetnes,  Eriocampoides  limatdTia  Retz.,  are  small, 
shiny,  dark  greeD  or  almost  black, 
slu^ke  creatures  that  feed  on  the 
upper  surface  of  the  leaves,  leav- 
ii^  the  skeleton  of  veins  and  the 
lower  epidermis,  which  turn  brown  and 
wither.  There  are  two  broods  dur- 
ing the  year.  This  insect  appears  in  I 
destructive  numbere  only  in  occasioDal 
years. 

Treatmertt.    Apply  arsenate. of  lead, 
two  pounds  to  fifty  gallons  of  water, 
as   soon    as    the    pests    are    detected. 
Dusting  of  foliage  with  freshly  slaked  v^    .,      t     „_     ~ 
lune   also  affords  efficient   protection     ^^^^  Wobk   o«    bmir    (after 
from  the  insect.  Webator). 

The  Blister  Mite. 

The  blister  mite,  Ertophyea  pyri  (Pgst.)  Nal.,  is  responsible 
for  dark  brown  or  blackish  patches,  or  blisters,  of  various  sizes 
tiiat  may  cover  much  of  the  leaf  and  sometimes  cause  it  to  rupture 
in  one  or  more  parts,  especially  along  the  margins.  The  mites 
burrow  into  the  leaves  from  below,  and  the  irritation  they  cause 
induces  the  growth  of  galls.  These  at  first  are  greenish  pimples 
with  a  more  or  less  reddish  tinge.    The  color  strengthens  as  the 


Fio.  42.-^  The  Blibtik  Mitx:    Adiii.t.    (Enlarged.) 

galls  enlaige,  appearit^  as  dead  areas  of  varying  size.  The  galls 
also  show  one  or  more  tiny  openings  —  the  tunnels  or  burrows  made 
by  the  mites  on  entering  and  leaving  the  leaf.  The  mites  spend  the 
winter  in  the  buds,  usuaJly  under  the  second  and  third  layers  of  bud 
scales.  They  frequently  collect  in  colonies  of  fifty  or  more  in  little 
depressions  in  the  scales  and  are  more  or  less  concealed  and  protected 
by  the  putiescence  of  the  buds.  As  tlie  buds  bm^t,  the  mites  move 
to  the  unfolding  leaves,  in  which  they  burrow  and  establish  new 
colonies.  In  October  the  mites  abandon  the  leaves  and  hide  io  the 
buds. 
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Treatmenl.  The  mite  is  easily  controlled  by  spraying  the  trees 
in  spring  before  the  leaves  appear  with  lime-sulphur  mixture.  The 
concentrated  lime-sulphur  solution  should  be  diluted  in  the  pro- 
portion of  one  gallon  of  the  solution,  testing  32  to  34  degrees  Bauio^, 


Ro.    43. —  WOBW   OF   THB   BuSTEH   MiTB   ON   pEAR    LeATES. 

to  ten  or  twelve  gallons  of  water  for  the  treatment  of  the  mite  alone; 
but,  if  scale  is  present  on  the  trees,  the  spray  should  be  stronger— one 
gallon  to  eight  or  nine  gallons  of  water. 
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THE  CHERRY  LEAF-BEETLE.* 

F.  Z.  HARTZBLL  and  P.  J.  PAEROTT. 

Durinf;  the  first  week  of  June,  1915,  small  red  beetles  appeared 
in  countless  umnberg  on  cherry  and  peach  trees  in  western  New 
York  and  northwestern  Pennsylvania.  The  species  was  the  cherry 
leaf-beetle  {Galerucdla  cavicoUis  Lee),  which  ordinarily  feeds  on  the 
foliage  of  the  bird,  or  pin,  cherry  but  during  years  of  great  abundance 
abandons  its  wild  hosts  and  migrates  to  cultivated  stone  fruits. 
The  sudden  appearance  of  myriads  of  these  insects  caused  great 
apprehension  on  the  part  of  cherry  and  peach  growers  since  the 
voracious  appetites  of  these  beetles  appeared  to  threaten  fruit 
yields  in  many  orchards.  While  previous  outbreaks  of  this  insect 
nave  been  recorded,  the  one  during  the  past  year  exceeded  all  others 
in  the  extent  of  territory  infested  and  the  amount  of  damage  done. 
The  frequent  requests  for  information  regarding  this  species  prompted 
a  study  of  its  life  history  and  experiments  in  order  to  develop  efficient 
methods  of  control.  In  order  that  cherry  and  peach  growers  may 
t>e  able  to  protect  their  orchards  if  the  insect  should  appear  in 
injurious  numbers  during  the  coming  season,  this  circular  has 
been  prepared. 

DISTBIBUTION. 

The  cherry  leaf-beetie  is  distributed  through  practically  all. por- 
tions of  New  York  but  its  depredations  have  always  been  more 
^ctensive  in  the  northern  and  western  parts  of  the  State. 

LIFE  HISTORY  ANn  FBEOINQ  BABtTS. 

There  is  one  brood  of  this  beetle  each  year.  The  winter  is  passed 
by  the  adult  in  rubbish  and  waste  land.  The  trim,  red  beetles 
emerge  during  the  latter  part  of  May  and  seek  their  food  plants. 
If  the  number  of  these  insects  is  normal,  practically  all  feeding  is 
done  on  the  foliage  of  the  pin  cherry  and  few,  if  any,  of  the  beetles 
appear  in  orchards.  If,  however,  they  are  present  in  large  numbers 
they  show  a  tendency  to  migrate  and  attack  stone  fruite,  of  which 
the  sour  cherry  and  peach  are  preferred.  The  miration  period  lasts 
for  nearly  two  weeks  during  the  early  part  of  June.  Feeding  is 
nuist  active  during  the  week  following  migration. 

The  charaeter  of  feeding  on  peaches  is  similar  to  that  on  the  bird 
dierry,  but  with  the  sour  cherry  the  feeding  of  the  beetle  is  most 
prominent  on  the  undersides  of  the  fohc^.    The  leaves,  after  brang 

*  A  rapriDt  of  CSrculu  No.  49,  April  15, 1916. 
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fed  upon  extensively,  curl  and  the  greater  portion  of  the  leaf  surface 
dies  although  portions  rf  the  leaf  near  the  veins  usually  remain 
green.  Occasionally  the  insects  attack  the  fruit.  The  most  exten- 
sive feeding  occurs  on  young  trees  or  older  trees  that  are  weakened 
from  other  causes. 

The  beetles  mate  and  eg^  are  laid  during  June  and  early  July 
and  these  axe  placed  in  the  soil  at  the  bases  of  the  trees  upon  whidi 
the  beetles  feed.  These  eggs  are  often  scattered  in  the  rubbish 
on  top  of  the  ground  but  they  may  also  be  found  in  the  soil  to  a 
depth  of  about  one  inch.  Some  eggs  are  glued  to  the  bark  at  the 
baae  of  the  tree.  The  eggs  are  yellowish,  ^most  spherical  in  shape, 
and  measure  about  .03  inch  in  length.  The  eggs  hatch  in  from 
two  to  three  weeks,  the  first  larvffi  appearing  during  the  las*,  week 
in  June. 

The  larvte  are  dark  brown  with  head,  thoracic  shield  and  anal 
s^ment  black.  They  attain  a  length  of  from  one-fourth  to  one- 
third  of  an  inch  and  feed  on  the  foliage  of  the  bird  cherry.  Th^ 
appear  to  be  unable  to  mature  on  foliage  of  the  coltivated  cherry. 

The  pupa  is  yellow  with  numerous  brown  pointed  spines  on  the 
head  and  body.  The  pupal  stage  is  passed  in  the  ground  during 
the  latter  part  of  July.  The  adults  appear  during  the  last  week 
of  July  and  during  August  and,  after  slight  feeding,  they  seek  winter 
quarters  in  rubbish  near  their  food  plants. 

BEUBniAL  UBABURBS. 

Since  the  larvse  of  the  cherry  leaf-beetle  do  not  thrive  on  the 
foliage  of  the  cultivated  cherry  but  apparently  feed  entirely  on 
the  wild  bird  cherry,  no  means  of  combating  the  pest  during  this 
stage  is  known.  The  moet  practical  method  that  has  been  devised 
for  protecting  cherries  and  peaches  is  to  apray  the  trees  as  soon 
as  the  beetles  appear.  On  cherry  trees,  applications  of  8  pounds  of 
paste  arsenate  of  lead  with  100  gaUons  either  of  water  or  of  bordeaux 
mixture  {8-8-100)  has  proven  very  efficient.  In  spraying,  great  care 
^ould  be  exercised  to  cover  the  foUage  thoroughly,  both  on  the 
upper  and  lower  surfaces,  with  the  material.  Paste  arwnate  of 
lime  in  the  proportions  of  6  pounds  to  100  gaUons  of  water,  or  with 
bordeaux  mixture  as  above,  proved  in  our  experiments  equally 
effective.  This  arsenical  should  be  used  eimerimentally  ance  there 
is  some  doubt  as  to  its  safeness  on  foliage  of  fruit  trees. 

Nicotine  sulphate  (40%),  one-half  pint  in  60  to  80  gallons  of 
water,  is  an  effective  contact  spray.  In  using  it  one  should  first 
direct  the  treatment  to  the  fofiage  and  then  thoroughly  apray  all 
beetles  which  have  dropped  to  the  ground.  On  account  of  its 
safe  properties  nicotine  solution  may  be  emplf^ed  without  dai^r 
of  injury  to  peach  foliage.  Arsenate  of  lead  sometimes  causes 
injury  to  peach  leavea,  and  in  its  use  on  this  fniit  great  care  should 
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Plate  LXItt. —  Life  Ktaobs  ov  Cherrt  Lbat-bj 
1,  Eggs;  2,  Urva;  3,  pupa;  4,  adult. 
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Plate  LX1V.~  Wobk  or  Chbrrv  Leap-bebtla  on  Cherkt  Fouaob. 
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Since  the  beettee  may  quickly  defoliate  young  trees  before  an 
arsenical  poison  has  time  to  kill  the  insecte,  jarring  the  beetles  into 
sheets  and  destroying  them  is  to  be  recommended  wlwn  the  infestation 
ifl  serious. 
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PERIODICAL  CICADA  IN  1916.* 

p.  J.  PARROTT  AND  H.  E.  HODGKiaS. 

Interest  in  the  periodical  cicada  is  chiefly  two-fold:  its  curious 
life  history  and  haijite,  most  striking  of  which  are  its  sojourn  of 
seventeen  yeare  in  the  ground  and  the  great  numbers  of  the  creatures 
that  may  appear  in  a  restricted  area;  secondly,  its  destructiveness  to 
newly-planted  orchards  and  vineyards.  As  Brood  VII  of  the 
insect  is  scheduled  to  appear  soon  in  certain  counties  in  western 
New  York,  this  circular  has  been  prepared  to  notify  orchardists  of 
the  probable  occurrence  of  the  cicada  this  summer,  and  to  solicit 
information  from  farmers  generally  as  to  dates  of  its  appearaoce, 
distribution  and  local  importance. 

DISTRIBUTION    IN   NEW  YORK. 

This  brood  may  be  expected  to  occur  lai^ly  throughout  western 
New  York  where  previous  records  indicate  its  reappearance  in  the 
counties  of  Cayuga,  Livingston,  Madison,  Monroe,  Onondaga, 
Ontario,  Wyoming  and  Yates.  During  its  occurrence  in  1899 
individuals  of  this  brood  were  reported  in  greater  or  less  numbers 
from  the  following  localities:  In  Monroe  County,  on  the  northeast 
shore  of  Irondequoit  Bay,  and  in  the  vicinity  of  Webster;  Livingston 
County,  Geneseo  and  Sonyea;  Ontario  County,  Manchester,  Victor, 
Padelforda,  Farmington,  Bloomfield,  East  Bloomfield  and  Billsboro 
Station;  Yates  County,  Earl,  May's  Mills  and  Dresden  and  points 
between;  Cayuga  County, Union  Springs  and  points  extending  about 
three  miles  north,  three  miles  west  and  seven  and  one-half  miles 
south;  Madison  County,  Chittenango  and  vicinity;  Onondaga 
County,  Syracuse,  t)nondaga,  and  points  south  in  the  Onondaga 
Valley.  Doubtless  there  are  many  other  localities  in  the  State  where 
this  brood  is  estabUshed  and  have  so  far  not  been  recorded, 

uvs   msTOBT.t 

The  life  history  of  the  periodical  dicada  does  not  differ  materially 
from  that  of  many  other  species  of  insects  except  for  the  long  life 
under  the  ground.  There  are  many  others  that  are  known  to  live 
nearly  a  year  in  the  soil,  and  a  few,  such  as  the  common  white  grub, 
the  larva  of  the  May  beetle,  are  about  three  years  in  the  ground 
before  emerging;  but  no  other  insect  known  can  equal  the  periodical 
cicada  for  longevity. 
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Plati  LXV. —  Periodica 
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Plate  LXVI. —  Periodical  Cicada. 
1,  Adult  irith  wings  expanded;  2,  cast  skins  of  aymphs;  3,  oviposition  scars. 
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The  egg. —  The  eggs  are  laid  in  the  twigs  and  smaller  branches 
of  deciduous  trees.  They  are  placed  well  into  the  wood  in  double 
rows  as  shown  in  Plate  LXVI.  The  eggs  are  at  first  pearly  white  in 
color,  but,  as  the  shell  is  very  thin  and  semi-transparent,  turns  darker, 
probably  because  of  the  color  of  the  growing  embryos.  In  shape 
they  are  oblong,  slightly  curved,  and  measure  about  2  mm.  (1/12  in.) 
in  length.  They  increase  in  size  somewhat,  probably  by  the 
absorption  of  the  juices  of  the  surroimding  plant  tissue.  The  period 
of  incubation  varies,  depending  apparently  upon  weather  conditions. 
The  usual  period  is  probably  from  six  to  seven  weeks. 

The  larva. —  When  the  larva  is  fully  matured  within  the  egg  and 
ready  to  emerge,  the  eggshell  gives  way  in  a  line  along  its  back,  per- 
mitting it  to  escape.  The  newly-hatched  larva  is  an  awkward, 
somewhat  spider-like  creature  measuring;  about  1,5  mm.  (1/16  in.) 
in  length.  The  body  is  slender  and  sparsely  covered  with  minute 
hairs.  The  head,  l^s  and  antennse  are  long  in  proportion.  In 
color  it  is  creamy-white,  marked  only  by  deep-red  eye-spots  and 
reddish  claws.  The  most  striking  peculiarity  of  the  insect,  both 
in  the  larval  and  pupal  stages,  is  the  prominent  lobsterlike  front 
le^  with  which  it  digs  iia  way  into  the  ground.  When  the  larva 
has  gwned  its  freedom  it  begins  to  move  about  actively  but  soon 
loosens  its  hold  and  drops  to  the  ground.  Owing  to  the  lightness 
of  lis  body,  it  is  not  injured  by  the  fall. 

The  pupa. —  The  pupa  resembles  the  larva  in  its  advanced  st^e, 
but  the  red  eye-spots  are  wantii^  and  the  true  eyes  show  more 
prominently.  The  rudimentary  wings  are  more  conspicuous,  while 
the  front  legs  are  much  developed  and  are  well  fitted  for  digging. 
The  habits  of  the  pupa  while  it  remuns  under  ground  are  practically 
the  same  as  those  of  the  larva. 

The  aduli. —  When  it  first  emerges  from  the  pupal  skin  the  adult 
insect  is  soft-bodied  and  creamy-white  in  color.  But  the  integument 
soon  hardens  and  as  it  does  so  turns  jet  black.  The  eyes  and  wing 
veins  are  coral  red.  The  body  of  the  female  measures  about  one 
inch  in  length.  The  wings,  which  are  membranous,  form  a  roof 
over  the  body  when  at  rest,  projecting  beyond  it  about  half  an  inch. 
When  expanded  they  measure  about  three  inches  from  tip  to  tip. 
The  adult  cicadas  are  active,  noisy  creatures,  flying  about  durii^ 
the  day  and  making  the  woods  ring  with  their  shrill  song.  Their 
flight  is  very  short  and  hence,  as  they  do  not  migrate  in  the  immature 
stages,  the  species  spreads  very  slowly. 

INJ1JRII8  BY  THE  PBEIODlCAIi   CICADA. 

Contrary  to  the  belief  held  by  many,  the  adult  cicadas  eat  little 

or  nothing.    If  any  nourishment  is  talcen  it  b  by  the  female  only, 

and  it  is  doubtful  if  she,  except  in  very  rare  instances,  takes  food. 

The  larvse  and  pupfe  feed  undei^rouad  on  the  sap  from  the  roote 
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(tf  trees,  shrubs  and  vines,  but  so  little  is  required  for  their  slow 
growth  that,  except  in  occasional  instances  where  they  are  unusually 
abundant,  it  is  not  probable  that  appreciable  injury  is  done.  The 
important  injury  is  caused  by  the  females  in  laying  their  eggs  in  the 
twi^.  Frequently  the  twlg^  and  smaller  limbs  are  so  weakened 
by  the  punctures  of  the  f^iale  as  to  break  off  with  the  slighest 
wind.  Large  trees  may  wil^tand  this  injury  without  serious 
consequences,  but  small  trees  of  a  few  yeat«'  growth  are  often  seriously 
injured. 

Thft  extent  to  which  young  trees  may  be  injured  was  well  illustrated 
along  the  western  shore  of  8eneca.  Lake  by  the  brood  which  appeared 
during  the  spring  of  1899.  In  one  orchard  in  the  vicinity  of  Earl, 
several  young  plum  and  cherry  trees  were  badly  broken  as  a  result 
of  the  punctures  of  the  females  (Plate  LXVI),  Another  case  neaj 
Dresden  was  that  of  a  small  vineyard  in  which  the  cicadas  appeared 
in  large  numbers.  By  Jime  9,  nearly  all  of  the  vines  were  badly 
broken  and  in  most  cases  the  new  growth  wilted.  An  examination 
showed  that  the  cicadas  had  selected  the  growth  of  the  previous 
year  in  which  to  deposit  their  eggs,  thus  causing  the  new  growth 
to  wilt  and  finally  die.  As  a  result  of  the  attack  this  vineyard 
produced  very  little  fruit  that  year.  Old  wounds  caused  by  deposition 
of  the  eggs  ^ord  lodgment  for  other  insects,  especially  the  woolly 
aphis,  thus  resulting  in  a  secondary  injury  which  may  be  of  a  serious 
nature. 

METHODS   OF    CONTROL. 

Spraying  of  emerging  pups  with  home-made  or  commercial  otl- 
emubions  is  fatal  to  them.  When  occurrii^  in  large  numbers 
there  seems  to  be  no  practical  method  of  controlling  the  adulta 
except  over  very  small  areas.  Experiments  with  pyrethrum,  kerosene 
emulsion  and  various  acids  have  shown  that  all  of  these  substances 
have  some  effect,  but  are  probably  of  little  practical  value.  Small 
trees,  shrubs  and  vines  can  be  protected  from  the  adults  by  covering 
them  with  sheeting,  cheesecloth,  wire  netting,  or  by  systematic 
collection  of  the  insects  each  day  after  their  first  appearance.  This, 
of  course,  would  be  practical  only  in  the  case  of  a  few  choice  plants. 
According  to  Marlatt  recent  experience  indicates  that  trees  thoroughly 
sprayed  with  bordeaux  mixture  or  a  lime  wash  are  apt  to  be  avoided 
by  the  cicada,  especially  if  there  are  other  trees  or  woods  in  the 
neighborhood  on  which  they  can  oviposit.  As  a  means  of  redudng 
the  numbers  of  a  brood  in  any  locality  the  pruning  of  branches  in 
which  ^gs  have  been  deposited,  if  done  in  time,  will  prove  efEectual. 
The  injured  branches  should  be  cut  out  soon  after  the  eggs  are 
deposited.  As  a  further  precaution  ag»nst  injury  by  the  adults, 
young  stock  should  not  be  planted  during  the  two  years  previous 
to  their  appearance  in  those  localities  where  the  insect  is  known 
to  occur. 
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Recipients  of  this  circular  are  requested  to  report  on  the  activities 
of  this  insect  during  the  ctmiing  month  in  their  iocality.  Information 
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disappearance  of -the  cicadas,  relative  abundance,  the  conditions 
of  their  occurrence,  whether  in  woodlands,  orchards  or  vineyards, 
and  extent  of  injuries  in  fruit  plantings. 
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REPORT  OF  THE  DEPARTMENT  OF 
HORTICULTURE. 


SOME  NOTES  ON  THE  BREEDING  OF  RASP- 
BERRIES* 

R.  D.  ANTHONY, 

UNDEB  THE   DIRECTION  OF 

U.  P.  HEDRICK. 

SUMMARY. 

Tlie  breeding  oi  ra^beiries  was  begun  at  tiiis  Station  nearly  a 
qoarter  ot  a  century  ago.  At  first  Ae  work  was  largely  confined  to 
fiie  red  raspberry  and  a  number  of  excellent  seedlings  were  secured 
from  various  combinations  of  Marlboro,  Loudon  and  Superlative. 
Since  igio  greater  attention  was  paid  to  the  black-cap  and  purple 
nqtberries.    About  3300  seedlings  were  tested. 

It  was  to  set  at  rest  any  doubts  which  might  remain  as  to  the 
^rbrid  origin  of  the  purple  raspberry,  Peck's  Ru  Bum  negUctuM,  and 
to  secure  better  varieties  of  this  popular  sort  that  tiie  breeding  of 
file  purple  raspberries  was  undertaken.  The  work  has  shown  be- 
yond a  doubt  that  diese  originated  as  hybrids  of  the  black-cap 
and  red  raspberry.  Some  very  promising  seedlings  have  been 
secured. 

Pure  seedlings  of  Columbian,  an  Fi  hybrid,  failed  to  break  up 
as  much  as  would  be  expected.  None  showed  any  tendency  to 
propagate  by  suckers  nor  did  any  have  fruit  of  tiie  color  of  eitber 
parent.  In  cane  color  and  glaucousness  some  of  the  seedlings  ap- 
proached more  nearly  the  parent  types. 

Hybrid  seedlings  were  produced  by  crossing  two  black-caps  with  a 
red  raspberry.  With  one  cross  the  seedlings  were  all  purple;  among 
the  289  seedlings  <rf  tbe  other  cross  were  10  yellows.  None  prop- 
agated by  suckers. 

In  order  to  find  which  varieties  are  the  best  parents,  a  study  was 
made  of  the  performance  of  various  varieties.  The  record  of  Marl- 
boro, Herbert,  Cumberland  and  Smith  No.  i,  a  seedling  black-cap 
of  unknown  origin,  is  given. 

•  A  reprint  of  BiiUetin  No.  417,  Mawh,  1918. 
31  WMl 
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A  study  of  die  inheritance  of  color  of  fndt  would  indicate  that 
several  of  our  bUck  raspberries  are  heterozygous  for  color  and  that 
probably  several  color  factors  are  present  The  same  thing  holds 
with  the  red  raspberry  thouf^  the  higher  number  of  yellows  would 
indicate  fewer  color  factors.  Selfed  seedlings  of  Columbian  gave 
one  yellow,  one  black  and  forty  that  were  probably  varying  degrees 
of  purple.  A  black-cap  which  was  pure  for  color  produced  <Mily 
puiples  when  crossed  with  a  red  containing  a  factor  for  yellow,  but 
when  both  were  heterozygous  yellow  hybrids  were  produced. 

Glaucousness,  the  presence  of  bloom  on  the  canes,  is  probably 
a  dominant  character.  Both  the  Columbian  seedlings  and  the  Fi 
hybrids  gave  glaucous  and  non-glaucous  bushes  in  a  ratio  veiy 
nearly  three  to  one. 

The  Fi  hybrids  could  also  be  separated  in  the  ratio  <^  fiiree  with 
rou^  bark  to  one  with  smooth  bark. 

The  analysis  of  the  inheritance  of  spines  is  inconclusive  Hum^ 
certain  similarities  in  the  results  secured  from  the  purple  seedlings 
suggest  the  desirabiliQr  of  further  study  along  this  line. 

Three  of  the  Columbian  seedlings  produced  some  unusual  abnor- 
malities in  die  flower  clusters.  There  were  many  gradations  fmn 
perfect  fruits  to  those  in  ^rtiich  the  drupelets  were  replaced  by  small, 
sepal-like  leaves.  In  other  clusters  die  fruits  varied  from  perfect 
to  entirely  sterile  forms  which  did  not  have  the  leafy  growth. 

All  the  purple  raspberries  having  Smith  No.  i  as  the  female  parent 
were  standard  plants  but  nearly  one-diird  of  the  Cumberland  seed- 
lings were  dwarfs.  The  factor  for  dwarfing  is  evidendy  one  of 
rather  rare  occurrence. 

From  a  correlation  which  was  found  between  leaf  coloration  and 
fruit  it  would  seem  that  it  is  entirely  possible  to  tell  all  yellow  raq»- 
berries  from  either  the  red  or  purple  sorts  by  the  absence  (rf  any 
tinge  of  red  on  the  leaves.  It  is  probably  true  also  that  the  baric 
of  the  yoimg  canes  of  the  yellow  varieties  is  entirely  lacking  in  any 
touch  of  red  or  purple  color. 

The  Herbert  red  raspberry  and  the  Blowers  blackberry  were  pol- 
linated by  the  flowering  raspberry,  Ru  bu»  odoratut.  Th*  Blowers 
seedlings  were  lacking  in  vigor  and  all  died  the  first  year.  The  Her- 
bert seedlings  made  a  strong  growth  and  in  1915  blossomed  freely. 
A  study  of  these  leaves  no  doubt  as  to  their  hybrid  coigin.  b 
RubuM  odoratuu  we  may  have  a  go-between  througji  irtiich  we 
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may  mix  the  blood  trf  several  of  our  spedes.  This  mtk  ot  hybrid- 
izaticMi  will  be  continued  widi  many  other  spedes,  of  VMeh  there 
are  now  nearly  fifty  growing  on  the  Station  grounds. 

HISTORY  OF  THE  WORK. 

The  breeding  of  red  raapbeiries  was  b^un  at  this  Station  as  early 
as  1892.  In  1897  and  '98,  Marlboro,  Loudon  and  Superlative  were 
used  as  parents — which  proved  a  fortunate  selection,  as  five  seedlings 
out  of  a  total  of  nearly  1200  have  since  been  named  and  distributed. 
Two  of  these  five,  June,  a  seedlii^  of  Loudon  by  Marlboro,  and  Marl- 
don,  from  the  reciprocal  cross,  have  proved  unusually  promising 
early  varieties.  The'  other  three,  Louboro  and  Donboro,  seedlings 
of  Loudon  by  Marlboro,  and  Marlative,  a  seedling  of  Marlboro  by 
Superlative,  are  still  under  test  but  will  probably  never  be  as  popular 
as  the  two  preceding. 

During  the  testing  of  these  seedlings,  additional  work  was  not 
undertaken  and  it  was  not  until  1906  that  other  seedlings  were  bred 
and  then  only  to  test  out  a  few  pure  seedlii^  of  the  five  named 
above. 

In  1910  a  new  series  of  crosses  was  b^un  with  the  red,  black  and 
purple  raspberries.  June  was  crossed  with  other  reds  and  also  used 
as  a  pollinizer  for  a  black-cap.  With  the  black  raspberries,  various- 
combinations  were  made  among  Cumberland,  Eureka,  Hilbom, 
Palmer  and  a  seedling  of  unknown  origin  called  Smith  No.  1.  Col- 
umbian, the  only  purple  used,  was  self-poUinated.  In  1912  before 
these  seedlii^  fruited,  several  of  these  crosses,  including  the  Smith 
No.  1  by  June,  were  duplicated  and,  in  addition,  Cumberland  was 
crossed  with  June.  The  first  series  fruited  in  1913  and  the  other  in 
1915.    In  all,  3300  seedlings  were  tested. 
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several  of  the  Assistant  Horticulturists  it  would  have  been  impossible 
to  care  for  this  large  number  of  seedlings  and  to  secure  the  necessary 
records. 

PURPLE  RASPBERRIES. 

The  purple-cane,  or  purpte-cap,  raspberry  was  first  called  RtAus 
negtecluB  about  1869  by  Peck,  then  New  York  State  Botanist 
As  botanists  became  more  familiar  with  these  raspberries,  the  wide 
range  in  type  which  they  showed  and  the  fact  that  they  were  found 
only  in  limited  numbers  and  then  in  the  presence  of  both  the  red 
raspberry  and  the  black-cap,  led  many  to  surmise  a  hybrid  origin. 
The  possiblity  of  hybridizing  the  black-cap  and  the  red  raspberry 
was  soon  proved  and  the  sim^arity  of  such  hybrids  to  Rubus  neglectua 
strengthened  these  doubts  as  to  the  correctness  of  Peck's  species. 

About  1873  Professor  William  Saunders,  Director  of  the  Central 
Experimental  Farm,  Ottawa,  Canada,  fruited  24  seedlings  obtained 
from  a  cross  of  the  Doolittle  black-cap  by  the  Philadelphia  red 
raspberry.  These  were  all  purple-fruited  plants  propagating  by  tips. 
These  hybrids  seem  not  to  have  attracted  much  attention  and  but 
little  further  work  of  this  t3T>e  was  attempted  for  many  years. 

The  popularity  of  the  purple  raspberries  has  been  increa^ng 
rapidly  during  the  last  ten  years  and  in  some  regions  they  have  largely 
supplanted  the  black-caps.  This  has  been  due  to  their  heavy  pro- 
duction and  their  nearly  complete  immunity  to  the  anthracnoee  which 
has  been  destroying  the  black-caps.  When  we  consider  that  but  two 
varieties,  Columbian  and  Shaffer,  are  responsible  for  this  develop- 
ment and  that  these  are  but  chance  hybrid  seedlings,  we  realize  what 
an  opportunity  there  is  here  for  the  fruit  breeder.  It  was  for  this 
reason  that  this  Station  in  1910  undertook  to  remove  all  doubts  as  to 
the  origin  of  the  purple  raspberries  and  to  produce  improved  sorts. 
The  study  of  over  fifty  pure  seedlings  of  Columbian  and  over  eight 
hundred  crosses  of  the  black-cap  by  the  red  rapsbeny  has  now  pro- 
gressed far  enough  to  show  conclusively  the  hybrid  origin  of  Peck's 
Rvbus  negledut.  Some  of  these  seedlings  give  promise  of  new 
varieties  much  superior  to  any  now  under  cultivation. 

The  pure  Columbian  seedlings  have  presented  some  interesting 
problems  in  their  failure  to  break  up  in  the  Fj  generation  as  much 
as  would  be  expected,  most  of  the  characters  stiU  showing  interme- 
diate types  with  very  few  cases  where  they  approach  at  all  closely 
to  either  parent.    Out  of  half  a  hundred  none  could  be  described  as  a 
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pure  red  raspberry,  though  several  were  somewhat  similar  to  the  red 
pment  both  in  color  and  in  cane  characters;  nor  did  any  show  a  ten- 
dency to  propagate  by  suckers  as  does  the  red  raspberry,  though  some 
fmled  to  tip  readily.  In  cane  color  and  glaucousness  there  was  more 
of  the  expected  splitting  up,  some  seedlings  having  the  deep  purple- 
red  canes  of  the  Columbian  while  others  had  green  canes,  some  having 
a  bloom  such  as  is  found  on  the  base  of  Columbian  canes  while  others 
were  non-glaucous  as  in  the  supposed  red  grandparent.  Recent 
correspondence  with  a  private  fruit  breeder  *  who  is  growing  a  num- 
ber of  seedlings  of  Shaffer  from  unprotected  flowers  has  led  the  author 
to  suspect  that  this  variety  will  be  found  to  possess  a  quite  different 
gametic  composition  from  Columbian  and  this  si^gests  the  advisa- 
bility of  selfing  other  purples,  especially  some  of  the  Fs  seedlii^. 

In  producing  the  Fi  hybrid  seedlings,  June,  a  Station  seedling  red 
raspberry,  has  been  used  as  the  male  and  two  different  black-caps, 
Cumberland  and  Smith  No.  I,  have  been  used  as  females.  Practi- 
cally every  crossed  seedling  shows  clear  evidence  of  its  hybrid  origin. 
The  Smith  No.  1  seedlings  were  all  purple,  though  the  color  showed 
varying  degrees  of  intensity;  but  among  the  289  Cumberland  seed- 
hngs  there  were  nine  yellows  which  were  intermediates  in  thmr  bush 
type  and  one  which  might  readily  have  been  classed  as  a  black-cap 
bush.  The  question  of  the  inheritance  of  color  of  fruit  will  be  dis- 
cussed later.  None  of  the  seedhngs  of  either  cross  gave  any  indi- 
cation of  propagatii^  by  suckers. 

An  unusually  large  proportion  of  these  crossed  seedlings  was  very 
promising.  The  bushes  were  more  vigorous  than  either  parent  and 
bore  a  crop  of  large,  firm  fruit,  somewhat  later  than  the  parents. 
Some  fruits  were  rather  unattractive  because  of  their  dark  color  and 
dull  look  caused  by  a  thick  pubescence  but  -many  were  of  a  rich, 
glossy  purple. 

For  those  wishing  to  breed  purple  raspberries  the  best  mode  of 
procedure  would  seem  to  be  to  cross  the  most  desirable  reds  and  blacks 
rather  than  to  attempt  inter-crossing  among  the  purples  or  to  grow 
pure  seedlings  of  any  purple  sorts.  For  such  persona  the  chances 
of  reward  are  excellent  and  as  results  can  be  secured  in  from  three  to 
four  years  —  a  comparatively  short,  time  for  the  fruit  breeder  —  this 
offers  an  attractive  field. 


*  Letter  December  6,  1615,  from  Henry  Tiedemanu,  Hammond,  Ind. 
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PERFORMANCE  OF  CERTAIN  VARIETIES  USED  AS 
PARENTS. 

A  short  time  ^o  Hedrick  and  the  writer  in  a  discussion  of  some 
grape-breeding  studies  *  called  attention  to  the  advisability  of 
finding  those  varieties  which  are  desirable  parents  as  a  means  of 
hastening  the  production  of  improved  sorts.  This  same  factor  needs 
emphasis  in  the  breeding  of  raspberries.  In  a  comparative  test  in 
the  commercial  plantation  Cumberland  would  probably  be  ranked 
ahead  of  Smith  No.  1,  yet,  ^en  these  were  both  pollinated  by  the 
same  red  raspberry,  12  per  ct.  of  the  resulting  Cumberland  seedlings 
were  saved  as  worthy  of  a  second  test  —  a  high  proportion  as  breed- 
ing work  goes  —  while  24  per  ct.  of  the  Smith  No.  1  seedlii^  were 
saved.  It  is  tor  this  reason  that  the  following  rather  meager  informa- 
tion is  given  for  the  varieties  which  have  been  used  most  extensively. 

MarUxyro. —  During  the  first  fifteen  years  this  variety  was  used 
in  a  large  number  of  crosses  and  more  than  one  hundred  seedlings 
having  Marlboro  as  a  parent  or  grandparent  have  been  marked  as 
worthy  of  retfuning  for  further  testing.  Many  of  these  have  since 
been  discarded  hut  several  are  very  promising.  In  general,  Marl- 
boro seedlings  are  early  —  frequently  earlier  than  the  parent  —  of 
good  size,  sometimes  too  soft  for  loi^  shipment  and  frequently 
lackii^  in  high  quality.  Yellow  seedlii^  may  be  expected  in  small 
numbers. 

Few  Marlboro  seedlings  are  rampant  plant  makers  and  the  bushes 
are  more  inclined  to  be  stocky  than  sprawling.  This  variety  appears 
to  possess  a  factor  for  spinelessnees,  a  few  spineless  plants  appearing 
in  several  of  its  crosses.  June,  one  of  its  seedlings  out  of  Loudon, 
is  more  nearly  spineless  than  most  raspberries.  In  1915  sixty-six 
seedlings  of  Marlboro  by  June  were  fruited.  This  combination  of 
parent  and  prc^ny  seems  to  have  accentuated  this  factor,  since  27 
pUints  were  graded  as  spineless  or  with  only  a  few  at  the  base  of  the 
canes;  of  the  others,  28  had  spines  only  on  the  mid-rib  of  the  leaf, 
while  4  had  a  few  and  4  a  medium  amount  on  the  canee. 

Of  the  above  seedlings,  29  per  ct.'were  marked  worthy  of  a  second 
test.  This  speaks  well  for  Marlboro  which  was  both  a  piu^nt  and  a 
grandparent. 
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PiiATB  LXVII. —  A  Ttpical  Purple  Hvbbid. 
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Flats  LiXVIII. —  One  or  tbe  Most  PnouiBiNa  Red  Rasfbcriit  Seedunos. 
(June  X  Herbert.) 
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(From  Smith  No.  1.) 
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PuTi  LXXIII. —  One  or  Tallest  DwARrs  Coupared  with  a  Standabd  Plant  of  Sake 


Plate  LXXIV. —  Stiinu  «Ijtj(imm  X  Rutin  odoralus. 
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Herbert. —  In  1913  fifty-five  pure  seedlings  of  Herbert  were  placed 
in  the  test  plantation.  Many  of  these  lacked  vigor  and  the  following 
summer  25  were  dead.  Most  of  the  remainder  fruited  in  1915. 
The  plants  as  a  whole  were  low-^rowii^  and  all  but  a  few  were  lacking 
in  vigor.  On  the  other  hand  those  plants  which  fruited  had  unusually 
lai^,  conical  berries.  Some  of  these  were  too  soft  but  a  few  were 
excellent.    One  yellow  seedling  was  found. 

Since  only  7  per  ct.  of  these  pure  seedlings  were  saved  for  further 
testing,  it  would  seem  that  Herbert  should  be  combined  with  some 
irigorous  variety  which  needs  larger  size.  The  most  promising  red 
raspberry  seedling  now  on  the  Station  grounds  was  secured  by  cross- 
ing June  with  Herbert. 

Cumberland.  —  This  variety  has  been  used  in  crossii^  both  with 
oihss  black-capa  and  with  the  June  red  raspberry.  Elxcluding  those 
which  possessed  any  of  the  Smith  No.  1  blood  nearly  seven  hundred 
seedlings  of  the  first  type  have  been  grown,  and  of  these  only  7  per 
ct.  were  worthy  of  a  second  test;  while  the  seedlings  of  Cumberland 
and  Smith  No.  1  gave  19  per  ct.  for  further  propagation.  Although 
the  hybrid  seedlings  were  better  than  the  straight  black-caps,  they 
were  much  poorer  than  other  hybrids  without  Cumberland  blood. 

Crosses  of  Cumberland  with  the  F^mer  and  Hilbom  black-caps 
and  with  June  have  given  yellow  seedlings. 

Under  a  later  heading  will  be  discussed  the  appearance  of  a  dwarf 
type  among  the  Cumberland  hybrid  seedlings. 

Smith  No.  1. —  This  variety  was  sent  to  the  Station  for  test  in 
1908  as  a  chance  seedling  of  unknown  origin.  In  1909  and  1910  it 
was  one  of  the  best  and  most  productive  black-caps  on  the  grounds 
and  for  that  reason  it  was  used  in  the  breeding  work.  During  the 
following  years  the  plants  were  severely  injured  by  unusually  dry 
summers  and  the  destruction  of  most  of  the  bushes  was  completed 
by  an  attack  of  anthracnose.  So  far  its  seedlings  have  not  seemed 
noticeably  susceptible  to  either  summer  drought  or  anthracnose. 

One  of  the  most  interesting  points  in  the  work  of  the  last  five  years 
has  been  the  high  proportion  of  promising  seedlings  secured  from  this 
variety.  Out  of  more  than  five  hundred  pure  seedlings  23  per  ct. 
were  ret^ned  for  a  second  test.  More  than  a  thousand  seedlings 
mm  obtMned  by  crossing  with  other  black-caps  and  of  these  30  per 
ct.  were  saved  while  seedlings  of  Cumberland  and  of  Hilbom  gave 
7  and  4  per  ct.  respectively.    Amoi^  the  hybrid  purples  24  per 
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ct.  of  the  Smith  No.  1  seedlings  were  retained  while  only  12  per  ct. 
of  the  Cumberland  seedlings  escaped  the  brush  pile. 

Many  of  the  Smith  No.  1  seedlings  bred  in  1910  and  retained  for 
more  extensive  testing  fruited  a  second  time  in  1915.  All  who  have 
bad  the  pleasure  of  studying  these  are  agreed  that  th^  are  a  most 
remarkable  lot  because  of  their  production,  sise,  fine  appearance, 
firmness  and  good  quality. 

All  of  the  hybrid  seedlings  of  this  blood  —  over  sbc  himdred  —  are 
purple  and  among  the  1400  black-cap  seedlings  all  but  two  were 
black.  Among  the  large  numlwr  of  crosses  involved,  it  is  entirely 
possible  that  these  two  were  foreign  planfa  which  became  mixed  with 
the  Smith  No.  1  seedlings.  If  this  is  the  case,  we  must  consider  this 
variety  as  homozygous  for  the  black  color  factor. 

The  pure  seedlings  which  fruited  first  in  1915  were  very  uniform 
both  in  bush  and  fruit  characters.  They  made  a  vigorous  growth 
and  had  stocky,  dark  reddish-purple  canes  well  covered  with  bloom 
and' plentifully  supplied  with  stout  spines  of  medium  lei^h.  The 
fruit  was  large,  firm  and  inclined  to  be  somewhat  conic  on  many 
bushes. 

INHERITANCE  OF  COLOR  OF  FRUIT. 

Black-caps.- —  It  is  very  evident  that  several  of  our  black  raspber- 
ries are  heterozygous  for  color.  Yellow-fruited  seedlings  have  been 
secured  from  Cumberland,  Hilbom  and  Palmer  but  in  such  small 
numbers  aa  to  indicate  several  pairs  of  color  characters.  From  the 
evidence  at  hand  it  would  seem  that  Smith  No.  1  is  a  pure  black. 

Red  raspberries. —  Cuthbert,  Herbert,  Marlboro  and  June  have 
given  yellow  seedlings.  The  following  is  the  result  for  those  crosses 
of  which  we  have  complete  records. 

Cross  Seedlinga 

June  X  Cutbbert 60i«d     2  yellow 

Mwlboio  n  June 66red      4 yellow 

Herbert  selfed 55red      1  yellow 

Total 181  red      7  yellow 

IUtio26:l 

There  may  be  either  two  or  three  color  factors  involved  here. 

Pvrple  raspberries. —  The  selfed  seedlings  of  Columbian  would 
indicate  a  partial  couphng  of  the  red  and  black  color  factors.  Accord- 
ing to  Wellington  there  were  31  purples,  7  "  red  wine,"  2  doubtful 
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plants  red,  1  yellow  and  1  black.  The  "  red  wine"  plants  evidently 
poaseesed  a  color  factor  other  than  red  which  resulted  in  somewhat 
darker  fruits,  and  as  the  reds  turned  purple  when  fully  ripe  th^  prob- 
ably contMned  a  black  factor.  Since  Columbian  is  supposed  to  be  a 
seedling  of  Cuthbert,  the  yellow  is  not  unexpected.  With  the  present 
meager  information  an  explanation  of  the  black  cannot  be  attempted. 

From  the  first  generation  hybrid  seedlings  it  would  appear  that 
a  black-cap  which  is  pure  for  color  will  produce  only  purples  when 
crossed  with  a  red,  even  when  the  latter  contains  a  factor  for  yellow. 

The  cross,  Cumberland  by  June,  was  evidently  a  combination  of 
two  plantfl  both  heterozygous  for  color.  As  a  result,  we  have  165 
purples,  7  yellows  with  a  bush  type  approaching  the  red  raspberry 
and  one  which  might  be  described  as  a  yellow  black-cap.  If  these 
two  types  of  yellows  are  due  to  different  color  factors,  our  problem 
is  much  complicated,  but  if  they  are  the  same  we  would  seem  to  have 
a  relatively  small  number  of  color  factors  involved. 

INHERITANCE  OF  CERTAIN  CANE  CHARACTERS. 

GUtuamsneas. —  Among  the  purple  seedlings  there  was  a  conuder- 
able  number  without  the  bloom  which  is  found  on  so  many  black-caps 
and  to  a  more  limited  extent  on  some  of  the  reds.  Columbian, 
which  has  glaucous  canes,  gave  the  two  types  in  very  nearly  the  ratio 
of  three  glaucous  to  one  non-glaucous.  Tlie  Fi  hybrids  from  Cum- 
berland by  June  and  Smith  No.  1  by  June  also  approached  reason- 
ably close  to  a  3  to  I  ratio.  Evidently  the  non-glaucous  cane  is  a 
recessive  character. 

Rottgh  and  smooth  bark. —  Many  red  raspberries  have  the  bark 
roughened  by  the  exfoliation  of  some  of  the  outer  bark.  This  is 
much  less  noticeable  among  the  black-caps.  The  Fi  hybrid  seedlings 
were  studied  for  this  character  and  it  was  found  that,  though  Cumber- 
land and  Smith  No.  1  had  smooth  bark  and  June  less  exfoliation  than 
most  reds,  the  seedlings  could  be  separated  in  the  ratio  of  three  with 
rough  bark  to  one  smooth. 

Spines. —  WeUii^ton  found  that  among  the  Columbian  seedlings 
there  were  16  very  spiny,  25  intermediate  and  9  with  very  few  spines. 
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A  study  of  the  Ft  purples  shows  the  following: 

Numeioua    Few     Vary  few        Nnw 
Cumberl&Dd  (many  alight  spinM) 

X  IS         3  1.5  1 

June  (none,  or  only  at  baae) 
Smith  No.  1  (numsrouii  strong  apinM) 

K  3  1.5         1.5  1 

June  (oone,  or  only  at  base} 

Probably  there  are  several  factors  which  determine  the  number 
of  spines.  Evidently  Smith  No.  1  transmits  a  stronger  tendency  to 
produce  spines  than  does  Cumberland.  This  tendency  appears  also 
in  the  pure  seedlings  of  this  variety. 

ABNORMAL  DEVELOPMENT  OF  FLOWER  CLUSTERS. 
Among  the  pure  seedlings  of  Columbian  three  plants  developed 
some  unusual  abnormaUties.*  In  one  the  sepals  varied  in  number 
from  the  normal  five  to  very  numerous  and  were  arranged  in  single, 
double  or  sometimes  triple  rows.  At  the  same  time  many  berries 
were  entirely  sterile,  many  others  imperfect,  while  several  were  per- 
fect. Terminal  blossoms  usually  showed  greater  modifications  than 
the  laterals.  One  case  noted  on  this  bush  could  be  described  in  two 
ways:  Either  a  terminal  blossom  elongated  and  the  drupelets  were 
replaced  by  small,  sepal-like  leaves  from  the  axis  of  seven  of  which 
appeared  leafy  blossoms  borne  on  pedicels  a  half-inch  or  less  in  length 
and  producii^  from  a  few  to  several  drupelets  and  at  the  apex  of  the 
elongated  flower  was  a  sessile,  leafy,  abortive  blossom;  or,  the  ter- 
minal stem  was  fasciated,  the  ordinary  leaves  were  reduced  to  sepals 
and  the  eight  blossoms  just  mentioned  sprang  from  an  exceptionally 
short  length  of  stem.  That  the  first  view  is  the  more  probable  is 
indicated  by  the  fact  that  the  base  of  the  cluster  was  surrounded  by 
eight  sepals  all  in  the  same  plane.  Immediately  below  this  calyx 
ring  three  small  leaves  were  present.  In  the  axils  of  the  septus 
taking  the  place  of  the  drupelets,  except  those  bearing  the  blossomB, 
there  was  a  short,  green,  filament-like  organ  usually  terminated  with 
a  dried  up,  thread-like  tissue  appearing  like  a  dried  style  or  filament. 
Sometimes  this  organ  appeared  like  a  further  reduced  sepal.  The 
fruit  of  this  plant  was  purple  and  those  berries  which  were  perfect 
were  medium  in  size. 
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AnoUier  plant  wis  more  abnormal  than  the  above,  all  of  the  ter- 
minal bloesoms  showing  a  marked  reversion  to  the  leafy  type.  More 
of  these  secondary  sepals  bore  bloesoms  in  their  axes  —  twelve  and 
thirteen  being  found  on  two  clusters  —  and  almost  all  of  these  were 
sterile,  thoi^h  sometimes  from  one  to  six  drupelets  were  formed. 
Surrounding  the  base  of  these  modified  blossoms  were  two  rows  of 
sepals.  This  bush  was  practically  sterile,  only  one  fruit  with  four 
purple  drupes  reaching  matiuity. 

On  a  third  bush  many  blossoms  were  entirely  sterile  while  the 
terminal  flowers  of  all  the  axillary  flower  clusters  produced  nearly 
perfect  fruits.  The  main  terminals  were  surrounded  by  two  rows 
of  sepals.  One  of  the  modified  blossoms  contained  20  secondary 
blossoms,  each  borne  in  the  axil  of  a  8^>al-hke  leaf,  and  at  the  apex 
was  one  more  bud;  also  there  were  three  sepal-like  petals  with  aborted 
buds.  One  berry  that  was  picked  to  pieces  possessed  24  drupelets. 
The  fruit  was  yellow,  small,  and  many  were  imperfect. 

DWARF  TYPES. 
All  the    purple   raspberries  having  Smith  No.  1  as  the  female 
pu^nt  were  standard  plants  but  amoi^  the  purples  from  Cumberland 
by  June  appeared  some  very  interesting  dwarfs. 

These  dwarf  plants  were  easily  distinguished  from  the  normal  ones, 
even  when  normal  plants  lacked  vigor  and  made  a  low  growth. 
Th^«  were  nearly  as  many  nodes  on  the  dwarf  canes  as  on  the 
normal  ones  but  the  intemodes  of  the  former  were  much  shorter, 
sometimes  not  even  a  quarter  of  an  inch  loi^.  Many  of  the  leaves 
were  very  small  but  a  few  were  nearly  normal.  The  attiichment  of 
the  petiole  was  very  brittle  and  the  leaves  snapped  off  easily.  The 
canes  were  thickly  covered  with  soft  spines  while  most  of  the  stand- 
ards had  but  few  stiff  spines.  Those  dwarfs  which  were  the  moet 
vq^ous  made  a  thick,  bushy  growth  somewhat  like  the  red  rasp- 
berry yet  they  could  not  be  said  to  form  suckers.  Many  dwarfs 
were  under  a  foot  in  height  and  the  tallest  were  hardly  two  feet. 

In  the  entire  population  there  were  46  dwarfs  and  178  standards. 
The  dwarfing  was  accompanied  by  lack  of  vigor  in  most  plants  so 
that  there  was  a  h^er  percentage  of  mortality  here  than  with  the 
normal  plants.  Takii^;  this  into  consideration,  we  see  that  this  is 
reasonably  close  to  a  1  to  3  ratio.  Selfed  seedlings  of  Cumberland 
have  never  been  grown  here  but  several  years  ago  a  number  of  June 
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seedlings  were  planted.  An  unusually  dry  summer  destroyed  the 
majority  of  them  so  that  notes  were  not  taken  of  individual  plants 
and  all  not  showing  vigor  were  discarded.  In  this  way  no  note  was 
made  of  any  dwarfs  though  they  may  have  been  present  in  consid- 
erable numbers.  Pure  seeds  of  June  are  now  in  the  stratifying  bed 
for  next  year's  planting. 

The  factor  for  dwarfing  is  evidently  one  of  rather  rare  occurrence 
as  this  is  the  first  time  it  has  been  noticed  among  the  Station  seedlings. 

A  CORRELATION  IN  LEAF  AND  FRUIT  COLOR  AMONG 
RASPBERRIES. 

Over  one  himdred  and  fifty  red  raspberry  varieties  and  seedlings 
fruited  on  the  Station  grounds  in  1915.  In  examining  these  it  was 
found  that  on  all  plants  the  terminal  leaves  on  the  young  canes  had 
the  upper  surface  more  or  less  tinged  with  red.  On  some  this  tingeii^ 
extended  down  the  cane  for  three  or  four  leaves,  on  others  only  the 
first  leaf  would  be  colored.  The  gland-tike  tip  of  the  leaf  serrations 
on  these  young,  expanding  leaves  wae  red  or  tinged  with  red  as  was 
also  the  tips  of  the  leaf  serrations  on  the  older  leaves  farther  down  the 
cane. 

Yellow  raspberries  have  originated  on  the  Station  grounds  in  two 
ways:  from  crosses  of  red  sorts  and  from  croeaes  of  the  black-cap  and 
red  raepberry.  In  either  case  the  opening  leaves  on  the  young  shoots 
lack  this  reddish  tinge  noticeable  on  the  red  raspberry  and  the 
gland-like  tips  of  the  serrations  of  both  the  young  and  older  leaves 
are  a  light  greenish  yellow. 

Among  the  hybrid  purples  these  leaf  marks  are  not  as  clearly  dis- 
tinguishable. In  some  of  the  latter  the  young  leaves  lacked  the 
reddish  tinge  on  the  upper  surface  though  in  some  it  was  nearly  as 
marked  as  in  the  red  raspberries.  All  the  purples  which  were  ex- 
amined, however,  did  have  the  glandular  tips  of  the  serrations  of  these 
young  leaves  tinged  red  although  on  some  only  the  serrations  nearest 
the  apex  showed  this.  The  purples  also  showed  a  greater  tendency 
for  these  markings  to  vary  on  different  canes  on  the  same  plant.  On 
the  older  leaves  of  all  the  purples  the  gland-like  tip  of  the  serrations 
was  red  and  this  was  the  most  easily  determined  character  to  separate 
the  yellows  and  the  purples. 

It  would  seem  from  the  above  that  it  is  entirely  possible  to  tell  all 
yellow  raspberry  plants  from  either  the  red  or  the  purple  sorts  by  a 
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Eitudy  of  leaf  coloration.  Although  this  point  has  not  been  as  care- 
fully studied,  it  would  also  appear  that,  during  the  dormant  period, 
the  bark  of  the  younger  canes  of  the  yellows  is  entirely  lacking  in  any 
tinge  of  red  or  purple.  Some  purple  raspberry  bushes  can  be  dis- 
tinguished from  red  raspberries  by  the  lesser  amount  of  coloring  on 
the  upper  surface  of  the  young  leaves  but  many  have  practically  the 
same  amount  as  the  red  raspberry. 

AN  INTERESTING  HYBRID. 

In  the  spring  of  1913  the  Soweriug  raspberry,  Rybus  odoraius, 
JIBB  crossed  with  the  red  raspberry,  the  blackberry  and  the  dewberry. 
Only  a  few  seeds  were  secured  from  the  dewberry  crosses  and  the 
same  was  true  of  all  other  crosses  where  the  flowering  raspberry  was 
the  female.  With  the  Herbert  red  raspberry  and  the  Blowers 
blackberry  a  plentiful  supply  of  seeds  was  secured.  The  Herbert 
seedlings  made  a  strong  growth  and  nearly  one  hundred  were  planted 
for  fruiting  but  the  Blowers  seedlings  were  very  lacking  in  vigor  and 
ahhough  thirty  small  plants  were  set  out  all  died  before  the  beginning 
of  tiie  second  season.    The  Herbert  seedlings  blossomed  freely  in  1915. 

A  study  of  these  seedlings  leaves  no  doubt  as  to  their  hybrid  origin. 
The  cane  characters  are  clearly  those  of  R.  odoratua  and  the  individu^ 
blossoms  are  scarcely  distinguishable  from  those  of  this  species;  on 
the  other  hand,  the  leaves  are  palmate  as  in  the  red  raspberry.  The 
flower  panicles  were  unusually  large  and  bore  a  profusion  of  blossoms 
but  many  of  these  failed  to  set  fruit  and  the  others  had  but  a  few 
drupelets.  As  these  plants  blossomed  at  a  time  when  no  other  rasp- 
berry flowers  were  open,  they  probably  received  no  cross-pollination. 

These  hybrids  are  interesting  because  they  suggest  that  Rvbua 
odoratua  may  serve  as  a  go-between  through  which  we  may  mix  the 
blood  of  several  of  our  Rubua  species. 

In  this  connection  it  is  worth  while  calling  attention  to  the  desira- 
biUty  of  much  more  extended  effort  in  producing  hybrids  not  only 
among  our  cultivated  species  but  also  with  the  many  wild  ones, 
especially  those  which  recent  explorations  have  brought  to  us  from 
Asia  and  South  America  and  which  possess  so  many  new  and  strik- 
ing characters.  There  are  now  growing  on  the  Station's  grounds 
nearly  fifty  species  of  Rubus.  Many  of  these  will  be  discarded  but 
all  those  showing  valuable  characters  will  be  intercrossed.    The 
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proportion  of  viable  seeds  which  can  be  secured  ia  such  crosses  is 
very  low  and  the  chances  of  obtaining  the  desired  combination  of 
good  qualities  are  very  few.  This  is  the  fate  of  many  of  the  plant 
breeder's  dreams  but  ibe  remarkable  success  of  two  raspberry  hybrids, 
the  Ix^anberry  and  the  purple  raspberry,  would  encourage  even  the 
pessimist  to  continue  along  these  lines. 
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NEW  OR  NOTEWORTHY  FRUITS.   IV.* 

U.  p.  HEDRICK. 
INTRODUCTION. 

Not  infrequently  one  hears  fruit  growers  deploring  the  multi- 
plicity of  varieties.  Some  thus  set  their  faces  against  new  fruits 
without  rhyme  or  reason,  but  usually  the  man  finding  fault  dis- 
misses novelties  with  the  curt  and  sunmiary  dictum  "  they  don't 
pay."  Happily,  notwithstanding  growing  indifference,  and  some 
open  opposition,  to  increasing  the  number  of  varieties,  the  divine 
curiosity  that  leads  some  men  to  invent  leads  others  to  breed  fruits, 
so  that,  of  the  production  of  new  sorts,  like  the  making  of  books, 
there  is  no  end.  Do  tb^  P^y?  Should  the  influx  of  new  varieties 
be  encouraged  or  discouraged? 

In  the  issue  rused  we  beUeve  that  all  interested  in  better  fruits 
should  welcome  new  varieties.  Without  them,  broadly  speaking, 
there  can  be  no  improvement.  Old  varieties  have  been  changed 
little  or  not  at  all;  nor  can  they  be  except,  possibly,  and  very 
rarely,  wholly  depending  on  the  whim  of  Nature,  in  such  minor 
matters  as  a  change  of  color  in  the  skin  of  the  apple,  or  loss  of 
pubescence  in  the  peach.  No  one  of  our  fruits  is  yet  perfect;  and 
until  perfection  be  attained,  new  varieties,  better  in  one  or  more 
characters,  be  the  improvement  ever  so  small,  are  well  worth  their 
cost  for  the  progress  they  make  in  the  development  of  fruits. 

If  the  multiplication  of  kinds  helps  to  evolve  more  perfect  fruits, 
what  matter  if  many,  even  most,  new  fruits  turn  out  to  be  unprofit- 
able in  dollars  and  cents?  It  must  be  so.  Nature  everywhere 
uses  a  lavish  hand  in  improving  life.  The  little  time  and  expense 
needed  to  apply  the  test  of  fitness  to  a  new  fruit  is  a  cheap  price  to 
pay  for  the  development  of  better  fruits.  The  purehase  of  a  novelty 
which  turns  out  badly  is  often  a  keen  source  of  disappointment  — 
the  cCHnmonest  cause  of  the  hostile  attitude  toward  all  new  varieties 
-  but  with  the  exit  of  the  offending  fruit,  if  new  ventures  be  made, 

■  A  reprint  of  Bulletin  No.  414,  Januuy,  1916. 
[4B6] 
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wiBdom  in  purchase  growing  with  experience,  the  trial  grounds  on 
a  fruit  farm  cannot  but  be  a  Bource  of  pleasure  and  profit. 

When  fruit  growers  say  new  varieties  "  don't  pay,"  th^  mean, 
of  course,  that  there  is  no  immediate  profit.  But  often  there  is  — 
to  prove  which  numerous  fruits  introduced  within  the  last  few  years 
might  be  named.  It  is  not  too  much  to  say  that,  with  one  or  two 
exceptions,  all  of  the  fruits  grown  in  this  climate  have  been  improved 
during  the  past  decade  by  the  introduction  of  sorts  that  are  earlier 
or  later,  higher  in  quality  or  handsomer,  hardier  or  more  productive, 
or  that  keep  or  ship  better  than  the  sorts  whose  places  they  sse 
expected  to  fill.  Now  a  new  fruit  that  fulfills  any  of  the  conditions 
niuned  better  than  the  old  varieties  can  hardly  fail  to  be  profitable 
in  commercial  plantations.  No  doubt  many  of  these  outlying 
varieties,  sorts  introduced  to  push  forward  fruit  growing  in  one 
direction  or  another,  have  little  or  no  commercial  value,  but  just  as 
a  field  CMi  increase  only  at  its  borders,  where  weeds  are  most  plenti- 
ful, so  a  fruit  improves  only  by  its  frontier  varieties,  many  of  which 
may  be  little  better  than  weeds. 

Again,  there  is  profit  in  growing  many  varieties  for  variety's  sake. 
In  the  business  of  growing  fruit  a  multitude  of  varieties  is  needed 
for  a  multitude  of  consumers.  Dessert  and  culinary  requirements 
are  many  and  are  not  nearly  met  by  the  niggardly  assortment  which 
commercial  fruit  growers  are  now  putting  on  the  markets.  Too 
close  a  specialization  on  Baldwins,  Bartletts,  Elbertas,  Bradshaws, 
Montmorencies  and  Concords  cannot  but  cut  the  total  sales  of 
New  York  fruits.  A  greater  variety  from  which  to  choose  would 
further  the  enjoyment  and  consumption  of  the  fruits  of  the  region 
by  those  who  know  them  and  would  increase  purchases  among  those 
who  now  buy  little  fruit  or  prefer  an  exotic  product. 

To  be  sure,  a  commercial  fruit  grower  must  make  hOste  slowly  in 
planting  new  varieties.  He  must  demonstrate  its  value,  or  have  it 
demonstrated  for  him,  before  setting  out  an  orchard  to  a  novelty. 
If  his  taste  so  inclines,  a  fruit  grower  should  have  a  fruiticetum,  or 
tree  garden,  in  which  to  put  promising  new  fruits  on  probation. 
While  few  fruit  growers  can  afford  to  grow  all  of  the  new  varieties 
which  the  catalogs  illustrate  by  word  and  picture  as  "  faultless," 
yet,  again  we  say,  it  is  good  business,  almost  a  duty,  for  orchardiete 
to  try  some  of  the  novelties  offered. 

But  it  is  certain  that  neither  time  nor  money  suffice  for  the  fruit 
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grower  to  determine  for  himself  the  merite  of  all  of  the  new  fruits. 
In  New  York  the  State  Experiment  Station  attempts  to  do  this  for 
him,  and  from  year  to  year  a  bulletin  is  published  to  show  what 
fruit£  on  the  Station  grounds,  either  novelties  or  old  sorts  now 
n^lected,  are  sufficiently  noteworthy  to  deserve  the  attention  of 
fruit  growers.     This  is  the  fourth  such  publication. 

The  number  of  fruits  competing  in  the  test  with  those  we  have 
included  in  the  report  for  this  year  are  as  follows: 

The  named  varieties  include: 


Apples,    421 

Apricots, 

48 

Black  raspberries, 

23 

Peara,      187 

Nectarines, 

34 

Purple  raspberries, 

5 

Quinces,     18 

Gooseberries, 

83 

Yellow  raspberries. 

1 

Plums,     322 

Currants. 

35 

Dewberries, 

9 

Cherries,  109 

Blackberries. 

42 

Grapes, 

411 

Peaches,  377 

Red  raspberries 

32 

Strawberries, 

44 

Of  distinct 

species  there  are  on 

the  Station  grounds: 

Pyrus.         50 

Ji^lans,        3 

Pninus,       38 

Corylus,        3 

Rubus,        61 

Castanea,     2 

Ribes,         25 

Sambucus,    4 

Vitis,           16 

Fragaria,      3 

APPLE. 

Perfect  is  an  improvement  over  Baldwin.  At  least  it  is  a  better 
keeper,  and  this  difference,  other  characters  being  equally  good  in 
the  two  varieties,  makes  Perfect  the  better  apple.  At  this  Station, 
for  t^ree  seasons  Perfect  has  been  a  month  later  in  coming  to  edible 
condition  and  has  remained  in  season  a  month  to  six  weeks  longer. 
Baldwin  in  some  parts  of  New  York  is  an  early  winter  apple,  as 
it  is  in  southern  and  western  states;  Perfect,  in  such  regions,  becomes 
a  finished  product  a  month  later  and  can  be  left  for  a  turn  in  the 
market  when  Baldwin  might  have  to  be  sacrificed. 

The  other  differences  between  the  two  varieties,  so  far  as  we 
know  them,  are  unimportant.  The  apples  of  the  two  sorts  axe  of 
the  same  Mze;  Perfect  is  not  quite  as  bright  in  color,  bearing  scme- 
what  the  aspect  of  Winesap  in  both  color  and  shape;  the  flesh  of 
Baldwin  is  a  little  yellower,  with  the  texture  and  flavor  of  the  two 
sorts  identical.  The  shape  of  the  young  trees  is  tJie  same,  but  in 
32 
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color  of  wood  Perfect  is  darker  and  the  leoticelB  are  neither  as  large 
nor  as  conspicuous  as  on  the  wood  of  Baldwin.  As  to  whether  the 
new  Vfuiety  is  as  uniformly  productive  and  vigorous  as  Baldwin 
remains  to  be  seen;  the  behavior  of  the  young  trees  indicates  that 
there  will  be  little  difference  between  the  two  sorts  in  characters 
of  growth  and  yield. 

It  is  safe  to  say  that  Perfect  is  a  seedling  of  Baldwin.  It  was 
found  in  a  fence  comer  on  a  farm  owned  by  W.  F.  Cobb,  South 
Turner,  Maine,  some  years  ago.  The  long-keeping  qualities  of  the 
fruit  attracted  the  owner  and  the  variety  was  sparingly  propagated, 
after  which  the  product  was  in  demand  for  fore^  shipment.  Rice 
Brothers  Nursery  Company,  Geneva,  New  York,  purchased  the 
entire  stock  in  1904,  and  are  introducing  the  variety. 

Tree  vigorous,  hardy,  health;,  productive;  brauohee  strong,  upTigfat-apreadiug, 
forminit  a  rather  round,  dense  top.  Fruit  large,  roundiah-conie,  somewhat  ribbed, 
unitonn;  Stan  medium  in  lengtii,  thick;  cavity  acute,  moderatdy  deep,  broad,  oftoi 
nisMted,  sometimes  furrowed  and  occadonalty  lipped;  calyx  luge,  closed;  baatn 
medium  in  depth  and  width,  rsthw  abrupt,  furrowed;  ekin  moderatdy  thick,  nnootk, 
dull,  (^;  color  duU  greenisb-ydlow,  considerably  ovospread  with  darlc,  dull  green 
which  is  almost  s(did  on  wdl-ookved  specimens  but  becomes  mottied  as  the  odor 
fadeo,  indistiiictlj  ^>lasbed  with  oarmiDe;  flesh  yellow,  finn,  somewtiat  eoone,  eiiq>, 
moderatdy  taodti,  juicy,  subacid,  good;  season  January  to  May. 

PEACH. 

Rochester. —  New  York  fruit  growers  have  long  desired  an  early 
yellow  freestone  peach  with  suitable  tree-characters  for  a  commercial 
plantation.  In  previous  niunbers  of  "New  and  Noteworthy  Fruits" 
we  have  described  two  varieties,  Edgemont  and  Niagara,  as  possible 
candidates  for  the  place  of  "  best  eu'ly  "  in  the  seasonal  procession 
of  yellow,  freestone  peaches.  We  herewith  present  a  third  peach 
for  this  important  place  in  the  fruit  list  of  the  State.  The  latest 
competitor  is  Rochester,  like  both  Edgemont  and  Niagara  a 
member  of  the  Crawford  group  and  in  several  respects  a  marked 
improvement  on  the  well-known  Early  Crawford. 

Rochester,  in  season,  regarding  the  crop  as  a  whole,  certainly 
precedes  Early  Crawford  several  days,  ripening  soon  after  the  middle 
of  August.  The  introducers  say  that  it  is  two  weeks  earlier,  a 
statement  made  possible  by  the  fact  that  its  season  is  very  long,  s 
few  specimens  ripening  extremely  early.  The  great  length  of  season 
of  this  variety  under  some  cireumstances  may  be  an  asset,  under 
others  a  liability,  to  the  peach  grower.    As  the  color  plate  Aows, 
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the  peaches  aj%  large,  yellow,  with  a  handBome  over-color  of  mottled 
red,  more  rotund  than  either  of  the  two  Crawforda  or  Elberta, 
making,  all  in  all,  a  strikiDgly  beautiful  peach.  The  flesh,  too, 
meets  all  the  requirements  of  a  good  peaeb  —  thick  and  firm,  marbled 
yellow,  tinted  with  red  at  the  pit,  juicy,  rich,  sweet  and  in  all  respects 
fully  up  to  the  high  standard  of  palatabihty  found  in' peaches  of 
the  Crawford  group.  While  the  variety  must  be  classed  as  a  free- 
stone, yet  there  is  a  slight  cUnglng  which  may  disappear  under  some 
conditions  and  may  be  augmented  under  others.  Rochester  seems 
to  be  BuflSciently  productive  for  a  good  commercial  fruit  but  it 
remains  to  be  seen  how  generally  it  is  adapted  to  soils  aod  climates. 
Should  its  range  of  adaptability  be  great,  Rochester,  by  virtue  of 
earliness,  good  quality  and  handsome  appearance,  at  once  takes  a 
high  place  in  commercial  peach  growing  in  New  York. 

Rochester  came  from  a  seed  planted  about  1900  on  a  farm  owned 
by  a  Mr.  Wallen,  near  Rochester,  New  York.  It  was  introduced 
by  the  Heberle  Brothers  Nurseries,  Brixton,  New  York,  in  1912. 

Tree  upright,  slightly  apreodiog,  productive;  branchee  stocky,  reddiah-browii. 
covered  with  oah-gmy;  lesvaa  six  inches  loi^,  one  and  five-eightha  inches  wide,  oval 
to  lanceolate  aeciumnMe,  lighttt-  green  than  Elberta,  nearly  smooth.  PYuit  matures 
late  in  August;  rounder  tiiau  Elberta  but  oa  large,  slightly  oblate,  somewhat  com- 
pressed; hidvee  unequal;  cavity  deep,  wide,  flaring;  suture  shaUow,  deepening  near 
the  ^ex;  apex  roundittb  with  a  variable  tip,  usually  mucronate;  color  lemon-yellow 
becoming  orange-jeUow,  mottled  with  red,  (rften  merging  into  a  flush  of  deep,  dark 
rsd;  splaabes  few;  pubescence  heavy;  akin  rather  thick,  tough,  free  when  fully  ripe; 
flesh  ydlow,  tinged  red  at  the  pit,  very  juicy;  very  good  in  quslity;  stone  noarly  free. 

CHERRY. 
Cherry  growing  has  run  to  commercialism  in  the  United  States 
imtil  now  it  is  impossible  to  buy  the  fruit  of  more  than  three  or  four 
of  the  hundred  or  more  Sour  Cherries  in  the  markets  or  of  more  than 
a  half  dozen  sweet  sorts  out  of  a  score  of  Sweet  Cherries  that  might 
be  fivnished  in  any  part  of  the  country.  Meanwhile  the  Dukes, 
hybrids  between  the  sweet  and  the  sour  species,  have  practically 
disappeared  from  the  markets  and  fruit  lovers  have  lost  one  of  the 
most  refreshing  and  delectable  of  our  dessert  fruits.  Fortunately 
most  of  the  Duke  cherries  are  hardy,  vigorous  and  adapted  to  many 
soils,  making  it  poseiblc,  in  New  York,  at  least,  for  all  who  have  a 
garden  or  even  a  backyard  or  fence  comer  to  have  one  or  a  few  trees 
of  these  cherries.  Of  the  many  splendid  cherries  of  this  group, 
Reine  Hortense  is  as  good  as  any  and  better  than  most. 
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Reine  Hortense.—  Several  qualities  fit  Reine  Hortenw  admirably 
for  home  plantations.  To  b^in  with,  the  trees  are  only  medium  in 
size,  almoBt  dwarf,  and  take  but  little  room  or  can  be  trained,  as  is 
often  dcme  in  Europe,  on  walls  or  buildings.  The  chenies  are 
excellent  in  quality,  the  flavor  being  a  commingling  of  the  r^reshiog 
acidity  of  the  Sour  Cherry  and  the  richness  of  the  Sweet.  The 
fruita,  too,  are  handsome  —  lai^,  round,  bright,  glossy  red,  very 
uniform  in  shape,  size  and  color.  To  add  to  the  desirability  of  the 
v^ety  for  home  planting,  the  trees  are  very  attractive  in  leaf, 
flower  and  fruit,  especially  in  fruit,  the  cherries  hailing  in  twos 
and  threes  tfaicidy  scattered  and  never  much  clustered.  The  cberrieB 
hang  long  on  the  trees  but  are  too  soft  for  distant  shipment. 

Reine  Hortense  is  an  old  French  sort  introduced  and  widely  grown 
in  America  in  the  middle  of  the  Nineteenth  Century  when  amateur 
fruit  growing  was  at  ite  he^t  and  high  quality  took  precedence 
over  all  other  characters. 

Tree  of  medium  «iie,  uptight-^prcadiiig,  produelive;  branchea  amtxith,  dark  reddisb- 
brown  with  a  few  luge  lentieeU;  lekvee  large,  oval  to  obovate,  thin;  bloonung  aeaaon 
aliorl,  intennfldiste  in  time;  flowers  large,  one  and  one'fourtfa  incbee  aooM,  borae 
naually  in  threes.  F^t  mAturw  in  mid-«aBon;  neui;  one  inch  in  diameter,  oblong- 
cooic  to  obtuse-conic,  eomprened;  cavity  somewhat  shallow,  often  Hpped;  color 
amber-red;  stem  tortuous,  Blender,  iong,  adherent  to  the  pulp;  flesh  pale  yellow,  with 
coIorlesB  juice,  tender  and  meltins,  sprightly  subacid;  of  very  good  quaUty;  itone 
free,  rather  large,  obloag  to  oval. 

GRAPE. 

Niagara  has  long  been  the  leading  green  grape  in  New  York,  a 
position  it  attained,  in  large  part  at  least,  through  having  been  well 
advertised.  It  is  deservedly  popular,  however,  but  there  are  other 
green  grapes  competing  with  it,  now  quite  eclipsed  by  Ni^ara's 
reputation,  that  should  receive  more  general  rect^piition  by  both 
commercial  and  amateur  grape  growers.  One  of  these  is  Empire 
State,  old,  and  once  well  known,  but  now  quite  too  generally 
neglected. 

Empire  State,  compared  with  Niagara,  is  as  vigorous,  as  free  from 
insects  and  fungi,  as  productive,  and  is  but  little,  if  any,  less  hardy, 
though  both  sorts  fall  short  in  this  respect.  In  two  characters. 
Empire  State  quite  surpasses  Niagara.  It  is  far  better  in  quality 
and  may  be  kept  longer.  In  quality  Empire  State  ranks  among 
the  beat  of  the  native  grapes,  approaching  in  Savor  any  of  the  good 
Old  World  sorts,  its  delicate  wild  taste  suggesting  the  muskiness 
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of  tlie  European  Muscats  rather  than  the  foxiness  of  native  grapes. 
The  variety  ripens  a  little  later  than  Niagara  and  keeps  much  longer, 
retaining  its  fine  flavor  until  the  last.  In  one  important  respect 
Empire  State  cannot  compete  with  Niagara  —  the  grapes  are  not 
nearly  as  handsome  in  either  bunch  or  berry. 

Its  several  excellencies,  as  compared  with  grapes  of  its  kind, 
should  give  it  a  welcome  place  in  the  gardens  and  vineyards  of  New 
York,  but  there  is  ^i  added  reason  for  the  cultivation  of  Empire 
State.  It  is  distinctly  diiferent  in  its  horticultural  and  botanical 
characters,  being  a  combination  of  the  wild  Riparia  and  Labrusca 
of  American  woods  and  the  Vinifeta  of  the  Old  World  and  thus  adds 
a  new  and  brisk  flavor  to  our  dessert  grapes. 

The  variety  is  one  of  several  remarkable  sorts  from  James  H. 
Ricketts,  Newburgh,  New  York,  having  fruited  first  in  1879. 

Vine  UMsUy  vigoroiu,  in  some  loeations  tender,  productive,  canes  short,  few, 
deader,  brownish,  not  flattened  at  the  slightly  enlarged  nodes;  leaves  rsthv  small; 
upper  surface  light  green,  gloBsy;  lower  surface  tinged  with  bronie,  heavily  pubescent; 
flowers  fertile,  open  late.  Fruit  somewhat  variable  in  season  of  ripening,  avera^ng 
a  few  days  later  than  Niagara;  fthips  and  keeps  well;  cluxters  medium  to  large,  long, 
slender,  cylindrical  to  tapoing,  frequently  mn^e-shouldered.  Berries  variable  in 
aiie,  Toundieh,  pale  yeHowish-green,  covered  widi  gray  bloran,  pendsteot;  akin  rather 
thick,  adho'est  but  slightly  to  the  pulp;  flesh  pale  yellowish'^reen,  translucent,  very 
juicy,  tender,  sweet  nert  the  skin  but  somewhat  acid  at  the  center,  pleasant  flavored; 
good  to  very  good;  seeds  adhering  slightly  to  the  pulp,  small. 

RASPBERRY. 

Herbert —  It  is  twenty-five  years  since  the  Herbert  red  raspberry 
came  to  light  and  it  has  been  grown  more  or  less  in  New  York  for 
ten  years,  yet  in  this  time  it  has  not  attained  the  popularity  it 
deserves.  Herbert,  as  comparisons  to  be  made  later  will  show, 
is  one  of  the  best  berries  of  its  kind,  yet  nuiny  large  berry  growers 
have  not  tried  it  and  few  of  the  nurserymen  list  it.  In  a  collection 
of  thirty-two  sorts,  Herbert  is,  after  June  and  Marldon,  the  most 
valuable  red  raspberry  on  the  Station  grounds. 

The  preeminent  merits  of  Herbert  are:  Great  vigor  and  hardiness, 
being  rather  hardier  than  the  well-known  Cuthbert;  comparatively 
few  suckers;  and,  most  valuable  of  all,  tremendous  productivity, 
being  nearly  twice  as  productive  as  the  old  standard,  Cuthbert. 
The  season  is  about  that  of  Cuthbert  but  usually  continues  a  few 
days  longer.  The  berries  are  somewhat  similar  to  Cuthbert  but 
are  more  sprightly  in  flavor,  a  Uttle  larger,  rounder  and,  unfortu- 
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oatety,  a  little  softer.  The  fact  that  the  fruits  will  not  hold  their 
^ape  quite  as  well  as  some  other  sorts  is  the  chief  and  about  the 
only  point  of  inferiority  in  the  variety.  The  berries,  however,  are 
firm  enoufi^  to  carry  to  nearby  market  with  ordinary  care. 

Herbert  is  a  chance  seedling  found  in  the  garden  of  R.  B.  Whyte, 
of  Ottawa,  Canada,  about  1891.  The  variety  was  introduced  in 
1904  by  The  Renfrew  Nurseries,  of  Renfrew,  Canada. 

Pluite  vigMou*  but  Dot  K  tall  as  Cutbbert,  upri^t  except  when  bonie  down  by 
the  wei^  irf  fruit,  hardy,  hMdUty,  to?  ptodwslive;  canen  intermedUte  in  dn  and 
■moothnMs,  nnmaoua,  dull  ted;  priekke  medium  in  length  >nd  number.  Leftvea 
dtiaag-onl,  dark  gram,  rugose.  Flowtn  large;  petals  radief  large,  oval,  tapering 
to  ahwt,  alnupt  oUwb.  FMt  maturM  late,  about  with  Guthberi;  Iwge  to  vvy  laige, 
broadly  orate,  wiUi  medium  to  large,  coherwit  dnqwa,  dark  red,  juicy,  tomewhat 
■oft  under  unfavorable  eonditiona,  pleuant  flavorad,  qn^tly;  good  in  quality. 
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NEW  OR  NOTEWORTHY  FRUITS.    V.* 

U.  p.  HEDBICK. 

INTRODUCTION. 

Thia  is  the  fifth  bulletin  published  by  the  New  York  Agricultural 
Experiment  Station  on  new  or  noteworthy  fruits.  In  these  bulletins 
the  best  recent  fruit-introductions  grown  on  the  Station  grounds 
are  described  and  their  prominent  pomol(^ca]  merits  set  forth. 
Occaaonally  an  old  variety  is  considered.  The  old  sorts  broi^t 
to  new  light  are  varieties  which,  for  one  reason  or  another,  have 
been  all  but  lost,  or  such  as  suffer  from  neglect,  or  kinds  which 
under  old  methods  of  culture  were  defective  or  unmanageable  but 
under  modem  care  prove  tractable  and  profitable.  These  are  the 
"  noteworthies  "  of  the  title. 

Fruit-growers  have  written  that  they  were  disappointed  in  varieties 
described  in  the  publications  on  new  and  noteworthy  fruits  from 
this  Station.  This  is  to  be  expected.  There  is  no  all-round  variety 
of  any  fruit.  No  sort  grows  equally  well  in  all  soils  and  climated 
and  serves  aii  purposes.  A  variety  is  a  combination  of  characters 
and  these  change  in  their  relationships  to  each  other  with  every 
change  in  conditions.  A  sort  that  succeeds  in  one  place  fails  in 
another.  A  description  of  a  variety  made  on  the  Station  grounds 
may  not  fit  the  fruit  in  all  particulars  as  it  grows  a  few  miles  away. 
This  Station,  then,  cannot  select  varieties  to  suit  soils  and  climates 
in  other  parts  of  the  State.  Varieties  must  be  tested  for  every 
locality,  for  every  commercial  demand  and,  more  or  less,  by  every 
fruit-grower. 

What  purpose,  then,  do  the  tests  of  fruits  on  the  Station  ground 
serve?  First,  by  testing  many  varieties  side  by  side  we  can  make 
certain  whether  each  is  distinct.  Second,  we  can  tell  the  relative 
time  of  bloomii^,  leafing,  ripening  and  of  plant-maturity.  Third, 
precocity  or  tardiness  in  coming  in  bearing  may  be  ascertained. 
Fourth,  susceptibility  to  insect  and  fungus  pests  may  be  measured, 
to  some  extent.  Fifth,  we  can  ascertain  for  what  purpose  varie- 
ties are  best  adapted  —  whether  for  dessert,  culinary  purposes, 

*  A  nprint  of  Bulletin  No,  427,  DcMmber,  1916. 
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cBnning,  evaporating,  local  marketi  general  ouirket  and  ao  on,  * 
Sixth,  varieties  may  be  described  so  that  they  may  be  identified 
by  those  mentally  equipped  to  interpret  descriptifms.  Seventh, 
it  can  be  told  that  a  variety  succeeds,  in  comparison  with  standard 
sorts,  on  the  soil,  under  the  climate  and  with  the  exposure  given 
it  on  the  Station  grounds  and  that  it  enjoys  the  particulfu*  treatment 
given.  Every  one  of  these  results  of  variety  testing  is  of  permanent 
value  to  fruit-growers. 

Testing  a  variety  on  the  Station  grounds,  however,  cannot  deter- 
mine its  full  range  of  adaptability.  Indeed,  we  often  find  that 
a  variety  succeeds  on  one  part  of  the  Station  farm  and  fails  on 
another.  Station  testa  cannot  possibly  tell  under  what  conditions 
a  variety  will  succeed  or  fail.  The  fruit-grower,  we  repeat,  must 
find  out  for  himself  whether  a  variety  is  adapted  to  his  farm.  The 
ability  to  discover  what  varieties  best  suit  his  soil,  climate  and  other 
conditions  is  a  chief  requisite  to  success  in  a  fruit-grower.  Of 
course,  when  a  great  number  of  fruitgrowers  agree  that  a  variety 
is  valuable  for  a  type  of  soil  or  for  a  purpose  for  which  it  is  grown, 
we  have  about  the  best  criterion  of  the  vidue  of  the  variety. 

Many  fruit-growers  believe  that  varieties  chai^  for  better  or 
worse.  They  hold,  on  the  one  hand,  that  a  variety  may  become 
adapted  to  a  condition  to  which  it  was  not  at  first  suited;  on  the 
other  hand,  that  under  some  conditions  varieties  dowly  but  surely 
degenerate.  The  notion  is  not  new.  Indeed,  no  one  has  better 
expressed  it  than  the  prophet  Jeremiah  some  thousands  of  years 
ago.  Jer^niah  laments:^  "Yet  I  had  planted  thee  a  noble  vine, 
wholly  a  right  seed:  how  then  art  thou  turned  into  the  degenerate 
plant  of  a  strange  vine  unto  me"?  Jeremiah's  question  remained 
unanswered  and  the  centuries  since  his  time  have  brought  forth  so 
littie  evidence  to  show  that  fruit-varieties  change  that  the  theory 
is  not  now  in  good  repute  in  science.  The  weight  of  scientific 
authority  is  against  the  notion  that  varieties  propagated  by  cuttings, 
grafts,  buds  or  other  such  parts  either  improve  or  d^enerate. 
Science  very  generally  accepts  the  belief  that  "  in  v^etative  repro- 
duction, heredity  is  complete."  Fruit-growers,  we  believe,  may  expect 
a  variety  to  behave  just  as  did  the  plant  of  origin.  The  descriptions 
of  varieties  of  fruit  made  today  will  fit  for  all  time  if  the  variety 
is  grown  under  the  same  conditions. 
>Jmtmah"il:2I. 
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The  number  (A  fruita  growifig  on  the  Station  grounde  competing 
with  the  varieties  described  here,  are: 


Apples.. 
Pears.. . 
Quinces. 
Plums.. 
Cherries 
Peaches. 


368  Apricots .-  40  Black  raspberries ,  - .     23 

175  Nectarines 33  Purple  raspberries. . .      5 

19  Gooseberries 74  Yellow  raspberries . .       1 

279  Currants 35  Dewberries 8 

,  no  Blackberries *0  Grapes 390 

373  Red  raspberries. . .  29  Strawberries 69 


Of  distinct  species  there  are  on  the  Station  groundu : 

Pyrufl 38        Juglans 5 

Prunus 30        Corylus 3 

Rubus 53        Castanea 2 

Ribes 25        Sambucus 4 

Vitia 16        Fragaria 1 

PEACHES. 

J.  H.  Hale. —  For  the  past  few  years  the  J.  H.  Hale  has  been 
the  sensation  of  the  pomologicat  worid  having,  beside  many  merits 
to  commend  it,  the  name  and  fame  of  the  originator  and  of  ihe 
introducers  to  bring  it  to  the  attention  of  fruit-growers.  It  is 
much  like  Elberta,  compared  with  which  it  is  larger  in  size  and 
rounder  in  shape.  Possibly  the  J.  H.  Hale  is  a  trifle  too  large 
when  the  trees  are  at  their  beat.  In  shape  the  fruibs  are  almost 
perfect  spheres,  being  much  more  attractive  in  this  character  than 
the  oblong  Elberta;  and  they  can,  too,  because  of  their  rotundity,  be 
packed  to  better  advantage.  The  symmetry  of  the  peach  is  scarcely 
marred  by  the  suture.  In  color  there  is  no  choice  between  Elberta 
and  J.  H.  Hale  —  both  are  voluptuously  handsome.  The  skin  of 
the  J.  H.  Hale  is  less  pubescent  and  is  possibly  a  little  firmer  and 
tighter  which,  with  greater  firmness  in  flesh,  will  probably  enable 
growers  to  ship  it  farther  and  keep  it  longer  than  they  can  Elberta. 
In  all  the  characters  that  go  to  make  up  quality, —  aa  color,  aroma, 
texture  and  juiciness,  there  is  little  choice  between  the  two,  neither, 
in  comparison  with  many  other  peaches,  ranking  as  extra  good. 

The  variety  has  not  been  grown  long  enot^  in  the  State  so  that 
we  can  be  certain  of  the  merits  of  the  tree.  The  consensus  of 
opinion  wherever  growers  have  tried  the  two  side  by  side  is  that 
J.  H.  Hale  is  a  little  hardier  in  both  wood  and  buds  than  Elberta. 
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J.  H.  Hate  ripenB  its  crop  a  few  days  earlier  than  Elberta  ^though 
in  the  markete  the  fruits  of  the  two  varieties  will  probably  compete. 
Which  is  the  more  productive  in  New  York  cannot  be  determined 
from  the  data  at  hand  nor  shaU  we  know  until  a  large  number  of 
growers  import  as  to  the  productiveness  of  the  two  in  the  diverse 
soils  of  the  State.  In  the  past  Elberta  has  been  the  cosmopolite 
among  peaches,  adapting  itself  to  a  greater  diversity  of  soils, 
exposures  and  climates  than  ahnost  any  other  variety;  it  remains 
to  be  seen  whether  J.  H.  Hale  is  equally  adaptable  to  the  varied 
conditions  of  the  State.  The  variety  is  still  on  probation  in  New 
York  but  each  year  sees  it  more  and  more  planted  and  we  shall 
expect  it  shortly  to  be  numbered  among  the  best  commercial  peaches 
of  this  region. 

The  variety  came  from  a  chance  seedling  found  by  J.  H.  Hale, 
South  Glastonbury,  Connecticut.  From  its  characters  one  sees 
at  once  that  it  is  either  an  ofFspring  or  is  very  closely  related  to 
Elberta.  Mr.  Hale  tested  the  variety  in  conmiercial  orchards  in 
Connecticut  and  Georgia  and  then  sold  it  to  the  William  F.  Stark 
Nurseries,  Stark  City,  Missouri,  for  introduction.  Distribution 
beg^  in  1912  and  has  been  rapidly  carried  on  durii^  the  past  four 
years. 

Ttm  vigoroiu,  uprubt-qmading,  productive;  branohaa  amooth,  aab-gmy  ovv- 
qire*d  wjtii  dark  raddiah-brown;  le«vee  Urge,  UnceoUte,  thin,  duk  groea;  flowen 
appear  in  mid-eeaaoD.  Fruit  maturea  in  mid-oeaaon;  large,  regular,  round,  with  equal 
halvee;  cavity  deep,  tride;  suture  a  mere  line  or  very  ahallow;  apex  rouudidi,  with 
a  snuJ]  tip  set  in  a  depreeeion;  oolor  lemon-ydlow  overqiread  with  attractive  dark 
red  and  with  mottlinga  and  Bplaahes  of  carmine;  pubescence  light;  skin  thick,  tou^, 
aeparatee  but  pocffly  from  the  pulp;  flesh  yellow,  red  around  Uke  pit,  juicy,  fine- 
grained, aweet  or  somewhat  spri^tly;  good  id  quaJi^;  atone  frea. 

Pearson. —  In  spite  of  the  fact  that  there  are  already  many  mid- 
season,  white-fleshed  peaches,  Pearson,  a  newcomer,  is  well  worthy 
the  attention  of  New  York  fruitgrowers.  As  the  accompauying 
illustration  shows,  the  fruits  are  large  and  handsomely  colored, 
while  almost  perfect  rotundity  adds  to  appearance  and  makes  them 
very  suitable  for  packii^.  In  quaUty  Pearson  is  similar  to  the 
well-known  Champion,  about  the  best  of  all  white-fleshed  peaches, 
though  possibly  not  quite  so  well  flavored.  It  is,  however,  even 
freer  of  stone  and  ripens  ten  days  earlier  than  Champion.  The 
trees  as  they  grow  on  the  Station  grounds  are  satiriactory  in  nearly 
every  particular  —  vigorous,  hardy,  productive  and  healthy.  We 
have  DO  precise  data  as  to  its  susceptibihty  to  brown-rot  and  leaf- 
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curi  but  so  far  it  seems  as  free  from  these  trouUes  as  any  other 
white-fleshed  peach  of  its  season.  Pearson  would  probably  have 
to  compete  with  Mamie  Ross  where  that  variety  is  grown  but  is 
in  most  particulars  a  much  better  peach.  We  heartily  recommend  it 
both  for  conmiercial  and  hiMne  plantings. 

This  variety  originated  with  J.  M.  Peaison,  McKinney,  Texas- 
Its  parentage  is  unknown.  It  was  introduced  by  E.  W.  Kirk- 
patrick  of  McKinney  who  thinks  it  may  be  a  seedlii^  of  Chinese  Clii^;. 

Tree  \aigB,  vigorouB,  spreading,  the  iowm  branches  drooping,  very  produotive: 
braochea  stocky,  reddiah-browu  mingled  with  light  ash-gray;  leaves  voy  Urge,  ovM 
to  obovate^aoeeolate,  leathery,  dull,  dark  gnea,  smooth,  beooming  rugoae  along 
the  midrib;  floww-buda  hardy,  long,  heavily  pubeocent,  plump;  bloaeoma  wpear 
vwy  early,  nearly  two  inches  acraes,  pink.  Fniit  matures  in  early  mid-SMSon;  lirge, 
round-oval  or  wMnewhat  UKtlate,  compreaaed,  with  unequal  halvee,  bulged  near  uie 
»peK;  oavitjr  medium  to  deep,  with  taMio'  akiii;  ontun  variable  in  atpth;  a{i«x  round 
or  dqwesMd,  with  a  small,  mucnmate  or  reeurved,  mamelMi  tip;  eolta  greaush-whito 
with  a  Uuah  oovering  much  )rf  tiie  mrtace,  more  or  km  mottled;  pubeeconce  thin, 
fine,  Bhwt;  skin  thtn,  tough,  scml-ttee;  flesh  white,  faintly  tinged  inth  red  near  tite 
pit.  Juicy,  strincs',  tMtdsr  and  melting,  pleasantly  flavored;  good  in  quali^;  rtone 
'■  ^ng  or  free; 


ni-oliDj^Dg  <n 

MIRABELLE  PLUMS. 

To  American  fruitgrowers,  Mirabelle  plums  are  best  desmbed 
as  golden-yellow,  sweet-flavored  Damsona.  These  Mirabelles  are 
hardly  known  in  America  but  there  are  a  dosen  or  more  distinct 
varieties  in  Europe  where  they  are  highly  esteemed  as  dessert  fruits 
and  for  canning,  preserves,  compotes,  prunes  and  tarts.  This  type 
of  plum  is  represented  by  four  varieties  on  the  Station  grounds  — 
Dnv  d'Or,  Rehie  Mirabelle,  Late  Mirabelle  and  Mirabelle  —  all  of 
which  are  worthy  the  attention  of  fruit-growers.  The  small,  round, 
yellow  fruits  are  attractive  in  appearance  and  the  sweet,  pleasant 
flavor,  whether  eaten  out  of  hand  or  however  prepared  in  the  kitchen, 
commend  any  of  the  four  sorts  to  those  who  appreciate  choice  fruits. 
The  trees  are  small  but  vigorous,  hardy  and  healthy  and  thrive 
wherever  Damsons  grow  —  indeed  they  are  so  hardy  and  healthy 
that  they  are  conmionly  iwed  in  the  Old  World  as  a  dwarfing  stock 
for  other  plums.  French  writers  say  that  these  Mirabelle  plums 
come  nearly  true  to  seed  and  that  peasants  establish  their  small 
plantations  by  planting  seed.  The  accompanying  description  and 
illustration  are  of  Drap  d'Or,  one  of  the  good  Mirabelles  though  it 
is  no  better  than  the  others  of  the  type  on  the  Station  grounds. 

Drap  d'Or  is  an  old  European  variety  cultivated  for  at  least 
250  years. 


ilized  by  Google 


508  Rbpoht  op  the  Dbparthent  of  Horticultiibe  or  the 

Tne  tmaU,  iqtright-qHeadiDg,  dense-toppad,  Iwrdy,  produotive;  bruushea  smooUi, 
with  (ew  HnaH  lentioels;  loaves  nnall,  medium  in  (hickneee  and  color,  pubescent; 
flowoB  ktt  than  one  inch  across,  creamy-white,  usually  in  pairs.  Fruit  mature* 
in  nudHMason;  small,  round-oval,  oompnmii,  halves  equal;  color  gremish-yellow 
changing  to  goldeo-yelbw,  SMiieiriiat  mottled  and  blotehed,  occasionally  with  ■ 
faint  broDie  blush  on  the  exposed  che^,  ovenpread  with  thin  bloom;  ston  slender, 
adhering  wdJ  to  tiie  fniit;  sldn  thin,  BsparateB  readily  from  the  pulp;  Seeb  liBht 
golden-yellow,  medium  juicy,  ooaise,  firm  but  tender,  sweet,  mild;  of  good  quality;^ 
•tone  small,  free,  oval,  flattened, 

RASPBERRY. 

Empire  is  one  of  the  most  promising  new,  red  raspberries  on  the 
Station  grounds,  having  hardiness,  productiveness,  vigor  of  bush, 
healthiness,  and  large,  handsome,  firm,  well-flavored  fruits  as  its 
chief  assets.  The  canes  need  no  winter-protection  in  this  r^on; 
equal  any  other  variety  in  productiveness;  are  unuBually  vigorous, 
reaching  a  height  of  six  or  eight  feet;  and  this  season,  1916,  when 
anthracnose  was  everywhere  rampant,  even  on  red  raspberries, 
showed  but  a  trace  of  this  disease  on  the  Empire.  A  peculiarity 
of  the  canes  is  that  in  mid-sunmier  they  are  purplish-red  but 
become  brown  at  the  close  of  the  season.  The  berries  average 
larger  than  those  of  the  well-known  Cuthbert,  and  are  about 
the  same  color  as  those  of  that  variety;  they  ripen  a  little  earlier 
and  have  a  longer  picking  season.  The  fruits  are  mild,  rich  and 
sweet  so  that  the  variety  may  be  ranked  among  the  best  in 
quality.  The  texture  is  firm  and  without  doubt  the  berries  will 
stand  shipment  well  and  may  be  kept  loi^.  With  such  an 
array  of  good  characters,  it  seems  certain  that  Empire  must  take 
high  standing  among  commercial  red  raspberries. 

Empire  originated  in  1901  with  L.  E.  Wardell,  Marlboro,  New 
York.  It  was  obtained  by  crossing  Ruby  with  Coutant.  It  was 
introduced  by  its  originator  in  the  fall  of  1910.  Mr.  Wardell  was 
also  the  originator  and  disseminator  of  Marlboro  and  Ruby.  The 
first  hill  of  Empire,  twelve  years  old,  is  still  vigorous,  healthy  and 
productive. 

Plants  tall,  vigorous,  upright,  with  medium  number  of  euckers,  hiudy,  very  pro- 
ductive; canes  smooth  except  lor  the  few  scattering,  short  prickles,  stocky,  long; 
prickles  medium  in  thickness,  short,  few,  becoming  more  numerous  towards  the  base; 
mtranodee  medium  to  short;  buds  large,  long,  pointed,  plump,  free.  Leaves  large, 
wide,  medium  in  length,  thick,  dork  green,  rugose.  Flowers  appear  early.  FVuit 
matures  in  early  mid-season,  clings  wdl  to  the  torus  yet  picks  easily;  large,  uniform, 
retsina  its  siie  wdi  to  the  close  of  the  seasan,  r^ular  in  outline,  roundish-conicaJ; 
cavity  deqi,  medium  in  width;  apex  roundish  or  tap^ug  slightly;  bloom  sli^t; 
drupes  small,  numerous,  with  strong  cobereace;  colw  medium  to  dark  red,  glossy; 
flesh  jui^,  firm,  mild,  high^avored;  very  good  in  quoli^;  seeds  medium  in  sise. 
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STRAWBERRY. 

Qood  Lock  ranks  among  the  best  late  Htrawbenies  on  the  Station 
grotrnds.  In  1916  it  surpassed  all  other  late  varieties  in  yield  and 
proved  to  be  one  of  the  best  shippers.  Indeed,  the  fiesh  is  ao  Bnu 
that  it  is  doubtfiil  whether  any  other  beny  of  any  season  will  aurpasa 
it  in  standing  transportation.  Another  outstandii^  good  character 
is  that  the  plants  are  about  the  least  susceptible  of  any  sort  on 
the  Station  grounds  to  le^-spot.  The  fruits,  as  the  color-plate 
shows,  are  large  and  handsome,  both  of  these  characters  runnii^ 
very  uniform  as  does  also  the  wedge-like  shape.  The  quahty  is 
particularly  good  for  those  who  like  a  sprightly  strawberry  having, 
besides  sprightliness,  a  moat  distinctive  flavor.  Perhaps  the  fruit 
is  a  little  too  acid  for  dessert  but  canned  or  cooked  it  is  hardly  sur^ 
passed  in  flavor.  The  calyx,  though  a  little  too  large  and  too  leafy, 
ia  a  beautiful  green.  The  fruit  at  the  point  of  c^yx  attachment 
is  rather  remarkable  because  of  small,  mammiform  protuberances. 
A  defect  in  the  variety  is  that  the  apex  colors  slowly  so  that  the  fruit 
mi^  be  picked  carefully  to  avoid  green  tips.  Plants  of  Good  Luck 
must  not  be  set  closely  as  they  develop  many  runners. 

Good  Luck  originated  with  Mr.  Elwood  Pedrick,  Cumberland 
County,  Maryland,  in  1904.  Its  parentage  is  unknown.  It  was 
introduced  by  W.  F.  Allen,  Salisbury,  Maryland,  in  1907. 

Flants  Dumeroua,  ]azgB,  vigorouB,  healthy,  voy  productive;  leaves  medium  in 
■lie  uid  thickueBB,  with  erenate  morgias;  upper  surfaee  medium  green,  somewhat 
ragoae,  slightiy  pubescent;  1ow«r  surface  silvery-sreen;  lea^-stallcB  long,  intennediAM 
in  thiokness  and  pubascflnce.  Flowera  semi-parfect  (o  perfect,  medium  in  sessou 
of  bloom,  one  and  three-Bixteenths  laches  across;  petals  roundish,  su  to  seveD  in 
numb^;  stamens  variable  in  number,  short;  pistils  slightly  tinged  red  at  the  tips; 
fruit«tau8  long,  (hick,  semi-ereot,  branching.  Fruit  maturee  late;  Urge,  retains 
Bse  well  to  close  of  seasoQ,  distJactiy  wedge-ehape,  with  some  cocicBcombs  in  the  Grst 
picking;  calyx  large,  flat,  leafy,  attractive  green,  often  surrounded  at  the  base  by 
small,  fleshy  protuberances;  seeds  both  raised  and  sunken;  apex  a  pointed  nedge, 
inclined  to  green  tips  unless  picked  with  care;  color  attractive,  medium  red;  flesh 
wdl  coined  to  the  center,  juicy,  firm,  sprightly  —  almost  tart;  good  in  quality. 
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CULTURE  AND  FORCING  OF  WITLOOF 
CHICORY.* 

J.  W.  WELLINGTON, 

UNDBB  THE   DIBBCTION  OF 

V.  P.  HEDRICK. 

SUMMARY. 

Witioof  cblcoiy  is  a  salad  plant  little  grown  in  America  but  of 
wide  and  extended  use  throughout  Europe.  It  is  an  in4m>yed 
variet;  of  tiie  common  chicory,  Cichorium  intybuM  Linn.,  a  native 
of  Europe  but  now  found  naturalized  in  many  parts  of  this  country 
and  often  a  pernicious  weed. 

The  chicories  are  often  confused  with  the  endives,  Cichorium 
endieia  Liim.  They  are  closely  related  species  but  are  distinct, 
the  first  being  perennial,  ttie  latter  generally  annual,  tiiough  some- 
times biennial. 

The  culture  of  Witloof  chicory  has  attained  great  importance  and 
perfection  in  Belgium  and  Ftance,  from  whence  large  quantities 
were  imported  to  America  previous  to  the  war. 

In  the  belief  that  this  vegetable  can  be  grown  and  forced  profit- 
ably by  American  gardeners,  this  Station  is  conducting  investigations 
relative  to  its  production. 

It  has  been  found  that  plants  may  be  easily  grown  from  seed  in 
our  environment. 

Roots  having  a  crown  diameter  widiin  the  limits  of  one  to  two 
inches  produced  the  greater  number  of  marketable  heads. 

Sand  proved  to  be  a  very  satisfactory  medium  with  iriiich  to 
cover  the  forcing  roots,  in  that  it  is  easily  obtainable,  blanches 
the  leaves  perfectly  and  promotes  the  fonnation  of  compact 
heads. 

Temperatures  averaging  56°  and  61°  F.  were  found  satisfactory 
In  producing  a  marketable  crop.  It  is  evident  that  a  range  of  50° 
to  60°  F.  is  approximately  the  optlmtun. 

*  A  reprint  of  Bulletiii  No.  418,  March,  1916, 
1510] 
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The  harvest  produced  at  the  Station  was  acceptable  in  quality  and 
appearance  and  is  much  superior  to  the  foreign  product  in  flaijxir 
and  in  teshneas. 

Culture  of  this  chicory  is  so  sinqtle  tiiat  it  is  evident  ttiat  American 
gardeners  are  missing  an  opportunity  in  neg^cting  its  cultivation. 

INTRODUCTION. 

Botaoically,  Witloof  chicory  belongs  to  the  great  Composite 
family  and  to  the  species  Cichoriwn  inlybus  Linn.  In  ite  wild  state 
chicory  is  found  along  the  roadsides  and  in  the  fields  of  Europe 
and  has  now  become  naturaUzed  in  this  country  and  in  many  sections 
is  a  pernicious  weed.  Great  confusion  exists  between  this  species 
and  Cichorium  endivia  Linn.,  which  embraces  the  common  garden 
endives  in  their  various  forms.  The  two  species  are  closely  related 
but  are  distinct,  the  chicories  being  perennials  while  the  endives  are 
usually  annuals,  though  sometimes  biennials.  The  tenns  ehicoTy  a^d 
endive  are  frequently  interchanged,  our  seed  catalogs  adding  to  the 
confusion  by  calling  Witloof  chicory,  "  French  endive  ".  This  last 
name,  though  incorrect,  is  almost  the  only  one  known  in  the  markets. 

Many  old  writers  contend  that  chicory  and  endive  are  of  common 
origin  while  others  ascribe  the  habitat  of  chicory  to  Europe  and 
that  of  endive  to  East  India,  China  and  Japan,  asserting  that  endive 
was  first  introduced  to  Europe  about  1550  A.  D.  Pliny,  Columella 
and  other  early  Roman  authors  describe  a  plant,  seemingly  iden- 
tical to  endive,  grown  in  their  time  in  Roman  gardens  and  used  ' 
as  a  potherb  and  salad.  Another  ancient  writer  states  that  endive  was 
held  in  very  high  esteem  by  the  old  B^yptians.  It  seems  apparent 
that  chicory  and  endive  have  been  cultivated  by  man  since  time 
immemorial,  and  it  is  safe  to  state  that  the  origin  of  each  is  lost 
in  antiquity. 

CHICORY  AND  ENDIVE  AND  THEIR  CULTURE. 

VARIETIES   OF    CHICOBy. 

There  are  several  distinct  varieties  of  chicory.  Five  kinds  were 
grown  upon  the  Station  •  grounds  at  one  time.  Common,  Improved 
Very  Large  Leaved,  Long  Rooted  Brunswick,  I^arge  Rooted  Brussels 
or  Witloof  and  Large  Rooted  Magdeburg.  The  last  three  are  all 
used  for  forcing  and,  being  similar,  are  probably  all  used  in  producing 

'  N.  Y.  Agr.  Exp.  Sto.  An.  Rpt,  1884.    p.  286. 
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Witloof.  The  Commoii,  or  Wild,  is  also  used  to  a  limited  extent 
for  this  same  purpose. 

Wild  chicory,  or  succory,  has  had  an  extended  use  as  an  adulterant 
and  substitute  for  coffee.  The  roots  are  used  for  this  purpose, 
being  dried,  roasted,  and  ground.  The  product  resembles  true 
coffee  in  appearance  and  somewhat  in  taste.  Chicory  has  been  in 
use  in  America  for  many  years  as  a  field  crop  and  in  this  manner 
the  plant  has  been  distributed  about  the  country  and  in  many 
regions  has  become  naturalized  aa  an  escape  from  cultivation. 
Chicory  may  often  be  seen  along  the  roadsides  and  in  untilled  fields 
and  in  midsummer  is  especially  distinguished  by  its  tall  spike  of 
attractive  sky-blue  *  flowers.  Wild  chicory  has  been  used  aa  a 
medicinal  plant  although  usually  classed  as  an  aliment.  It  is 
used  as  a  potherb  as  are  dandelions  and  the  root  forced  in  winter 
yields  both  heads  and  loose  leaves,  the  latter  known  in  the  markets 
as  Barbe  de  Capucin.  The  heads  are,  however,  inferior  in  size 
and  shape  to  those  produced  from  the  improved  varieties. 

Witloof  chicory  is  an  improved  horticultural  variety  differing 
from  the  wild  form  in  having  a  much  laiger  root  and  big,  broad, 
smooth  leaves.  Its  place  of  origin  is  ascribed  to  Brussels,  Belgium, 
and  in  consequence  is  often  called  Brussels  chicory.  The  name 
Witloof  is  more  exact,  as  there  are  other  improved  forms  grown  in 
the  vicinity  of  the  Belgian  capital. 

In  view  of  the  fact  that  modem  practices  in  chicory  culture  are 
'  less  than  a  century  old,  it  is  not  surprising  that  so  few  distinct  varie- 
ties exist  and  that  much  confusion  should  have  arisen  concemtng 
the  botanical  classification  of  the  plant.  For  many  years  the  Belgians 
monopolized  the  culture  of  chicory  but  gradually  the  French  learned 
that  they  could  produce  an  equally  good  product  and  now  Witloof 
chicory  is  grown  extensively  in  the  neighborhood  of  Paris  and  other 
French  cities.  In  America  little  has  been  done  with  the  plant  in 
a  horticultural  way  althoi^h  some  roots  are  raised  and  a  small 
amount  of  salable  chicory  produced,  but  in  no  measure  equal  to  the 
demand.  In  1913  Witloof  chicory  was  quoted  in  the  London  markets 
at  4  to  8  cents  per  pound  showing  that  the  v^etable  can  be  profitably 
grown  and  sold  at  a  comparatively  low  ^ure.  Previous  to  the 
war  Witloof  sold  readily  in  American  markets  at  25  to  30  cents 
per  pound  retail,  the  small  shipments  now  occasionally  received 

*  SometinM  piak  and  wy  rar^  white 
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wholesale  at  50  cents  per  pound.    The  difference  now  existing 
between  sale  price  and  cost  of  production  is  remarkable. 

VARIETIES  OF  BMDIVK. 

Tliere  are  a  great  many  varieties  of  endive,  Cichorium  endhna. 
Fifteen  were  growing  at  one  time  on  the  Station*  grounds.  The 
present  bulletin  is  not  concerned  directly  with  endive  and  mention 
is  made  of  varieties  only  because  one  at  least,  Broad-leaved  Batavian, 
is  often  used  to  produce  a  winter  salad  called  Escarolle  which  is 
sometimes  confused  with  chicory  sfilads. 

WINTER  SALADS  F30H   CHICOBT, 

A  very  attractive  ealad  is  made  from  the  blanched  leaves  of  Witloof 
chicory.  The  leaves  are,  when  offered  for  sale,  in  the  shape  of 
a  compact  head,  and  owe  this  appearance  to  the  manner  of  forcing. 
Witloof  may  be  produced  from  wild  chicory  or  from  the  improved 
varieties  of  other  name,  but  the  best  product  is  forced  from  the 
true  Witloof  variety. 

Barbe  de  Capucin  is  made  from  the  leafy  portion  forced  from 
the  roots  of  wild  chicory  and  often  from  those  of  the  improved 
varieties.  It  differs  from  Witloof  in  appearance  only,  being  offered 
for  sale  in  the  shape  of  loose-leaved  heads.  This  salad  is  obtained 
by  forcii^  the  roots  in  darkness  but  wiUiout  cover  of  sand  or  loose 
dirt. 

These  salads  have  a  flavor  like  that  of  mild  dandelions,  a  trifle 
bitter  but  soon  very  pleasit^  to  the  taste.  Th^  may  be  served 
fresh  like  lettuces  or  cooked  like  other  pothertis.  The  leaves  are 
very  tender  and  succulent  and  present  a  very  delectable  salad  dish 
at  a  season  of  the  year  when  fresh  v^etables  are  almost  unavulable. 

POREIQN   METHODS   OF    CULTURE. 

^Witloof  chicory  production  has  attained  great  importance  in 
the  skilled  bands  of  the  Belgian  and  French  gardeners.  Therefore, 
it  seems  particularly  advisable  that  a  brief  review  of  foreign  methods 
of  handling  this  crop  should  be  given  at  this  time.  Free  use  has 
been  made  of  Prof.  Henri  Chevalier's*  article  on  Witloof  and  of 
M.  p.  286. 
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a  Vilmoriu-Andrieux  et  Cie.*  pamphlet  on  chicory  growii^.  It  is 
worth  noting  that  there  were,  in  1913,  7,136  acres  devoted  to  growing 
Witloof  chicory  in  the  vicinity  of  Brussels,  not  counting  the  exten- 
sive acref^e  about  other  Belgian  cities.  The  exporte  for  1912  of 
Witloof  from  the  port  of  Antwerp  to  America  were  26,000  pounds 
and  this  did  not  represent  anywhere  near  the  total  exportation  to 
America,  as  consignments  were  also  shipped  from  London  and  French 
ports.  Belgium  supplied  Witloof -to  Germany,  Switzerland  and  other 
European  nations  in  large  amounts. 

Three  varieties  of  chicory  are  in  use  by  Eiu*opean  gardeners: 
(1)  wild,  or  common,  (2)  Witloof,  and  (3)  Brunswick.  The  seed 
is  sown  in  the  open  ground  in  late  May  or  June  —  too  early  sowing 
may  result  in  premature  flowering.  Especial  stress  is  laid  by  Euro- 
pean writers  on  the  desirability  of  havii^  seed  of  improved  varieties, 
with  the  statement  that  other  seed  predestines  poor  results.  The 
seed  is  sown  in  rows  10  inches  apart  and  the  seedlings  are  later 
thinned  to  10  inches  in  the  row.  Frequent  tillage  is  given  and  any 
plants  showing  a  tendency  to  flower  are  removed.  About  the  end 
of  October  the  roots  are  lifted  and  those  not  desired  for  immediate 
use  are  stored  in  pits  and  covered  with  leaves.  Those  for  immediate 
use  are  trimmed  to  a  length  of  8  or  9  inches  and  placed  upright 
in.  specially  prepared  trenches.  Belgian  gardeners  often  prepare  hot 
beds  in  warm,  dry  cellars  ormake  use  of  a  hot-watei^heated,  portable 
frame  for  outdoor  work.  This  frame  is  known  as  a  "  thermosiphon  " 
and  with  it  a  constant  temperature  of  60°  to  70°  F,  is  obtainable. 
This  outdoor  method  is  said  to  excel  in  the  production  of  heads 
of  uniform  size  and  quality.  In  either  manner  of  forcing,  the  roots 
are  set  upright  in  rows  about  six  inches  apart  and  two  to  three 
inches  apart  in  the  row.  The  roots  are  carefully  placed  so  that  all 
the  crowns  are  on  approximately  the  same  level.  After  planting, 
the  beds  are  covered  with  eight  or  nine  inches  of  specially  dry  and 
loose  soil. 

The  French  system  is  the  same  as  the  Belgian  outdoor  method 
except  that  instead  of  using  hot  water  pipes  and  frames  for  heat, 
a  depth  of  twenty  to  twenty-four  inches  of  fresh  horse  manure  is 
laid  over  the  completed  bed.  With  this  method  twelve  to  twenty 
days  are  required  to  produce  marketable  heads,  or  "  chicons  "  as 
they  are  called  abroad. 
*  VOmorin-Andrieux  et  Cie.,  Paris.    Circular. 


inadb,  Google 


■if-' 

11! 


D,  Google 


Plate  LXXVI. —  Witloof  Chicort  Heads. 

1,  Heads  Trom  roots  ahuwn  id  Plate  LXXV;  left,  too  targe;  center,  ideal;  ri)[ht,  too 

am^l;  2,  compound  head;  3,  forced  root?,  nith  crovrns  and  beads. 


Plats  LXXVII. —  Witloof  Chicobt  as  Markctbh. 
Upper,  desirable  heads;  lower,  beads  pai'ked  in  3  lb.  Climax  basket. 
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When  developed  sufficiently  —  length  four  to  eix  inches  —  the 
heads  are  cut  from  the  roots,  removing  with  the  head  a  portion  ot 
the  crown  to  keep  the  leaves  together.  The  heads  are  cleansed 
of  poor  leaves,  are  washed  and  packed  in  basket  hampers  containing 
10  kilograms  (22  pounds). 

STATION  STUDIES  ON  WITLOOF  CULTURE. 
Interest  in  Witloof  production  at  this  Station  has  been  of  several 
years'  duration  and  had  its  inception  in  the  belief  that  this  salad 
plant  was  well  worthy  of  greater  attention  by  American  gardeners. 
It  was  evident  that  foreign  methods  of  outdoor  forcii^  would  be  of 
little  value  here  in  those  months  (December,  January  and  February) 
during  which  this  salad  is  in  particular  demand.  Proper  methods 
of  forcing  had  to  be  established  before  a  successful  result  could 
be  anticipated.  The  cutting  off  of  the  foreign  supply  and  consequent 
high  prices  has  undoubtedly  been  the  stimulus  to  carryii^  forward 
the  work  to  an  early  conclusion.  Preliminary  trials  in  Witloof 
forcinj;;  proved  one  or  two  facts  and  showed  also  many  points  needing 
further  study.  It  was  found  that  a  straw  covering  above  the  roots 
would  not  produce  desirable  heads  while  sand  used  for  the  same 
purpose  yielded  exceUent  results.  It  was  seen  that  proper  tem- 
peratures, suitable  soils  and  covering  materials,  amount  of  water 
required  during  forcing,  desirable  size  of  roots  and  length  of  time 
necessary  to  produce  a  fharketable  crop  were  points  all  needing 
further  investigation.  In  the  preliminary  work  roots  were  purchased 
from  a  grower  outside  the  State  and  it  was  thought  advisable  in  the 
final  work  to  grow  roots  on  the  Station  grounds  so  that  all  phases 
of  the  culture  might  be  under  observation. 

WORK  OF  1915-1916. 
Grcwing  roots. —  Seed  of  Witloof  chicory  was  purchased  in  the  early 
sprii^  of  1915  from  Sutton  and  Sons,  Reading,  England,  it  being 
desired  to  have  as  nearly  as  possible  the  same  atrun  of  seed  as  that 
grown  abroad.  The  seed  was  sown  about  May  1st  in  the  open  ground 
in  rows  e^hteen  inches  apart  and  later  the  plants  were  thinned 
to  six  inches  in  the  row.  Ordinary  culture  was  given  throughout 
the  summer  and  since  the  plants  made  a  pecuharly  thrifty  growth 
no  special  effort  was  devoted  to  their  culture.  They  had  the  ap- 
pearance of  large,  luxuriant,  smooth-leaved  dandelions.    The  roSts 
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were  lifted  Id  November  before  freezing  of  the  ground  and  the 
leaves  trimmed  away  to  within  two  inches  of  the  crown.  They  were 
then  packed  in  boxes  and  stored  in  a  root  ceiler. 

Forcing. —  On  January  3,  1916,  the  roots  were  brought  frmn  the 
cdlar  and  graded  into  four  lots,  which  for  the  purpose  of  dbtinction 
were  termed  Extra,  L&i^,  Medium,  and  Small.  The  number, 
average  weight  and  size  of  roote  in  each  lot,  are  shown  in  the 
following  table: 

Table  I. —  ChusATioN  or  Roots  or  Witloof  Cbioobt  Used  iit  FoRciNa. 


Sue. 

Numbtf 
used. 

Average 
crown 
diiuneter. 

Limiti 
of  crown 
diameter. 

Avtfsge 
wei^t.' 

22 
34 
52 
44 

/M. 

2 
1-39 

.88 
.64 

/«. 
1.75-2.76 
1.19-1.75 
.75-1.10 
.50-  .75 

On. 

*  Trimmed  and  ready  for  forciiig. 

The  plants  have  a  very  long  main  root  and  for  convenience  in 
handling  it  was  necessary  to  trim  the  roots  to  a  length  of  8  or  9 
inches.  This  shortening  in  no  way  interferes  with  the  size  or 
quality  of  the  forced  head  as  there  is  apparently  a  great  excess 
of  stored  food.  Some  ung^nly  double  and  crooked  roots  were  dis- 
carded on  account  of  inadaptability  to  setting  in  the  forcmg  soil. 

In  order  to  obtain  two  different  temperatures  during  the  forcing 
the  roots  were  divided  into  two  groups,  each  embracing  roots  of  all 
the  four  lots.  A  large  box  was  placed  in  each  of  two  greenhouses 
ordinarily  operated  at  quite  different  temperatures  and  one  group 
was  placed  in  each  box.  For  sake  of  clearness  the  house  having 
the  higher  temperature  is  designated  as  House  1,  the  house  having 
the  lower  temperature  as  House  2  and  boxes  therein  Box  1  and 
Box  2  respectively. 

Unfortunately,  as  shown  in  Table  II,  the  temperatures  were  not 
as  widely  separated  as  was  anticipated.  It  will  be  seen  that  a 
variation  of  5.2°  in  the  mean  temperatures  of  the  two  forcii^  soils 
was  recorded.  This  was  not  sufficient  to  produce  any  marked 
difference  in  the  respective  harvests. 
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Box  1  (HioHBB  Tbhpbratdbb). 

Box  2  (LovBB  Tbufzkatubb). 

Date. 

Soil. 

Air. 

Date. 

SoU. 

Air. 

Juiuary,  1916. 

Deg.F. 
Start 
48 
S2 
66   , 
CO 
63 
61 
61 
68 
72 
72 
66 
64 
60 
68 
60 

Dv.F. 

"is' 

63 
61 
63 
58 
60 
66 
67 
67 
63 
58 
68 
46 
42 
66 

January,  1916. 

Deg.F. 

Start 
51 
60 
49 
57 
66 
56 
54 
60 
60 
69 
58 
56 
58 
60 
60 

Dtg.F. 

12 

15 

16 

Avewge 

61  4 

67-7 

«.. 

The  Betting  of  the  roots  was  accomplished  by  one  man  holdii^ 
the  root  and  packing  the  soil  while  another  slowly  shovelled.  The 
soil  used  was  old  greenhouse  material.  Fertility  is  of  no  importance, 
as  the  roote  do  not  draw  on  the  soil  for  food,  and  any  material  that 
will  pack  closely  about  the  roots  and  hold  them  in  position  should 
prove  satisfactory.  The  crowns  were  all  on  the  same  approximate 
level.  After  setting,  the  soil  was  thoroi^hly  watered  and  on  the 
following  day  a  covering  of  8  inches  of  sand  was  placed  over  the 
bed.  Standard  soil  thermometers  were  used  in  obtaining  the  tem- 
peratures and  readings  were  taken  at  8  a.  m.  It  was  noticed  that 
the  soil  temperatures  varied  but  little  from  n^ht  to  day  and  did  not 
change  as  rapidly  as  the  surrounding  air.  The  boxes  were  watered 
at  regular  intervals.  Since  the  edible  portion  is  largely  water  it  is 
necessary  to  keep  the  soil  moist  during  forcing.  In  a  cellar  it  is 
evident  that  one  good  watering  in  the  banning  might  produce 
good  results.  At  the  end  of  the  fourteenth  day  it  was  noticed 
that  some  leaves  were  protruding  through  the  sand,  showing  that 
the  crop  was  ready  to  harvest. 
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The  effect  of  the  somewhat  higher  temperature  in  Box  1  was 
3videnced  in  the  smaller  proportion  of  solid  heads  and  in  the  tend- 
ency to  shoot  up  too  rapidly.  Although  the  average  of  this  box 
was  only  61.4*'  F.,  there  were  days  when  it  was  too  warm  for  best 
results.  It  was  evident  that  a  steady  temperature  of  about  60°  F. 
would  be  the  optimum  and  that  lower  degrees  would  be  satisfactory 
but  would  require  more  time  to  mature  a  crop. 


Tablk  III. —  Bmcr  or  DimKCNT  Teupbkaturbb  is 
CmooRT. 

FOBCINB 

Wmoor 

Size  or  Roois. 

Number 

of 

roots. 

Total 
we^btof 

hMd.. 

1 

Average 
weight  of 
headi^ 

Variation 
from 

lota. 

Pereent- 
^!eof 
market- 
able 

heada. 

Lb*,    ozt. 

Oa. 

Per  el. 

Boxl. 

-  Average  soil  temperature  81.4°  F. 

10 

3 

10 

6.8 

+  .92 

50 

Large 

21 

4 

11 

3.57 

+  .17 

87 

Medium. . . . 

18 

1 

14 

1.66 

+  .10 

67 

BmaU 

18 

1 

1 

-94 

+  .01 

33* 

Bo 

x2.- 

-Aven 

kgeaoU  temperature  66.2° 
3       8            4  66 

F. 

—.52 
—.10 
—.06 
—.01 

50 

33 
34 

26 

6      13            3,30 
3       3            1.50 
1        8              .92 

K^^::::'.::.:.'.:. 

Hm.l1 

46* 

*  Reallj  too  small  to  be  correctly  claased  as  marketable. 

The  siae  of  head  was  in  accordance  with  the  size  of  root  used. 
The  Extra  size  produced  many  ui^ainly,  compound  heads  consisting 
of  many  small  divisions,  edible  but  not  attractive  for  market. 
There  were  many  good  shaped  heads  produced  from  the  "  Extra  " 
roots  but  these  however  were  generally  too  large  for  best  market 
uses,  being  above  the  size  desirable  for  individual  portions  in  the 
restaurants  and  cafes.  These  large  heads  were  often  of  stronger 
flavor  than  that  of  the  smaller  specimens.  The  Large  and  Medium 
lots  produced  many  marketable  heads  and  of  a  size  suitable  for 
market.  The  small  roots  yielded  .many  small  pencil-shaped  heads 
which,  though  edible,  would  not  pay  for  the  trouble  in  handling. 
Table  III  shows  the  comparative  weights  of  heads  from  the  two 
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boxes.  The  head  most  desirable  for  market  is  from  4  to  6  inches  long 
and  weighs  2  to  3  ounces.  In  the  Station  test  thoee  roots  whose 
crovm  diameter  was  within  the  limits  of  one  to  two  inches  produced 
the  greatest  proportion  of  satisfactory  heads. 

Tabu    IV. —  Rxution  t 


Sue. 

Number. 

Total 
weight  of 
he«l8. 

Average 
weight  of 
he«L.. 

Percent- 
age of 

marked 
able 
heads. 

22 

s 

44 

U».    Ou. 
7        2 
11       8 
5        1 
2        9 

Ou. 
5.18 
3.40 
1.56 
.S3 

Pere(. 

Medimo 

73 

The  length  of  time  required  for  forcing  the  crop  was  15  days, 
showing  that  a  commercial  crop  can  be  grown  in  a  comparatively 
short  period  and  that  several  crops  m^ht  be  grown  in  the  same  soil 
durii^  a  winter  season.  Lower  temperatures  would  mi'doubtedly 
lengthen  the  period  required.  Higher  temperatures  than  those  of 
Box  1  would  probably  result  in  a  growth  of  long  spindlii^  leaves. 

Sand  proved  a  vray  satisfactory  coverii^  medium  in  that  it  is 
clean,  is  easily  obtainable  and  promotes  the  formation  of  solid 
compact  heads.  a 

The  space  required  per  root  is  so  small  tliat  a  small  area  produces 
a  valuable  crop  at  present  selling  prices. 

The  Station  crop  of  Witloof  chicory  was  of  the  best  quahty, 
the  heads  being  compact  in  shape  and  perfectly  blanched.  In  the 
local  market,  which  has  in  previous  years  handled  imported  Witloof 
extensively,  the  opinion  was  that  this  home  grown  product  excelled 
the  foreign  grown  in  quahty  and  freshness.  The  cultural  require- 
ments of  Witloof  are  so  simple  that  this  crop  well  deserves  much 
greater  attention  in  the  hands  of  home  gardeners;  and  at  present 
prices  it  cannot  fail  to  give  good  financial  returns  to  market 
gardeners. 
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CULTURE  OF  CABBAGE* 

J.  W.  WELLINGTON, 

The  cabbage  crop  is  of  great  importance  in  certain  areaa  of  New 
York  State  —  for  example,  on  Long  Island  fuid  in  the  Central  Lake 
regions.  In  these  districts  krge  acreages  are  devoted  to  cabbage 
growing  and  special  thought  and  energy  are  exercised  in  producing 
fine  cropa.  The  profits  in  cabbage  growing  are  decidedly  fluctuating 
from  season  to  season,  but  growers  have  found  the  crop  to  be  a  good 
year  in  and  year  out  investment.  There  are  certain  phases  of  the 
mdustry  which  need  further  study,  notably  the  procuring  of  high- 
grade  seed,  proper  planting  methods  and  protection  from  insect  and 
fungus  pests. 

The  soil.^^  This  vegetable  is  not  particularly  partial  to  any  special 
soil  type,  succeeding  on  any  well  fertiUzed  ground  which  is  not  sub- 
ject to  standing  water.  Drained  soils  will  produce  harder  and  bet- 
ter keeping  heads  than  low,  mucky  types.  A  sweet  soil  is  a  ne- 
cessity and  all  sour  types  should  be  treated  with  an  apphcation  of 
raw  ground  limestone,  m  amounts  as  high  as  two  or  three  tons  per 
acre,  depending  on  the  acidity  of  the  sou. 

Preparation. —  Successful  cabbage  growing  demands  a  regular  and 
consistent  crop  rotation  —  partly  on  account  of  fungus  infection  of 
soil  and  partly  because  of  the  heavy  feeding  habit  of  the  crop.  A 
four-year  rotation  is  none  too  long  and  it  is  a  good  practice  to  have 
the  crop  follow  a  turned-under  sod.  Late  fall  or  very  early  spring 
plowing  is  desirable  and  the  soil  should  be  harrowed  frequently  in 
early  spring  before  setting  season  in  order  to  destroy  weeds  and 
conserve  moisture. 

FertUizere. —  Cabbage  is  universally  considered  a  heavy  feeder 
and  consequently  liberal  appUcations  of  plant  food  should  be  apphed. 
Manure  and  fertilizers  combined  give  excellent  results,  but  where  the 
former  is  not  available,  good  crops  may  be  raised  on  commercial 
fertiUzers  alone.  The  cabbage  is  especially  benefited  by  phosphoric 
acid  ingredients  and  fertiUzers  having  a  high  content  of  this  materiaJ 
should  be  selected.  Dr.  Jordan's^  experiments  in  plant  nutrition 
have  shown  that  cabbages,  rape  and  other  cruciferous  plants  can 
utilize  the  raw  ground  rock  phosphate  to  excellent  advantage,  and 
in  consequence  of  the  present  high  cost  of  the  acid  phosphate  this 
is  a  most  important  pomt  to  cabbage  and  cauliflower  growers.  For 
hastening  a  late  or  slow-growing  field  there  is  nothing  better  than 
the  use  of  two  to  three  hundred  pounds  of  nitrate  of  soda  per  acre. 
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Plants. —  The  growing  of  good  plants  is  at  once  a  difficult  and 
important  step  in  cabbage  culture.  For  early  market  varieties,  it 
is  essential  to  start  the  seedlings  in  hot  beds  or  greenhouses,  sinoe 
the  early  crops  are  the  ones  that  bring  the  profit.  For  the  field  or  late 
crop  the  seed  should  be  sown  directly  in  the  open  in  a  seed-bed  which 
has  been  thoroughly  prepared  and  treated  with  a  liberal  apphcation 
of  good  fertiUzers.  Previous  to  sowing,  the  seed  should  be  soaked 
in  a  formaldehyde  or  corrosive  sublimate  solution  in  order  to  kill 
all  disease  spores  that  are  often  present  on  the  coat  of  the  seed.  After 
soaking  for  fifteen  or  twenty  minutes,  the  seed  should  be  spread  on 
a  fiat  surface  and  dried  —  without  artificial  heat.  The  seed  may  be 
broadcasted  or  sowed  in  close  rows,  being  careful  not  to  sow  too 
thickly.  Many  growers  are  adopting  the  practice  of  covering  their 
beds  with  coarse-meshed  cheesecloth,  thus  preventing  the  entrance 
of  maggot  files  and  fiea  beetles.  Any  one  interested  in  this  protective 
measure  should  procure  copies  of  this  Station's  Bulletins  301  and  334 
on  the  screening  of  cabbage  beds.  Good  plants  are  stepping  stones 
to  success  and  the  investment  in  proper  equipment  is  well  justified. 

SettiTig. —  Extensive  acreages  are  set  with  machine  planters, 
requiring  two  horses  and  two  or  more  men  for  operation.  Smaller 
plantings  of  one  or  more  acres  may  well  be  set  by  hand  with  the  assist- 
ance of  hand  tools.  A  prominent  Cortland  County  grower  uses 
a  hand  planter  which  sets  the  plant  and  waters  it  at  one  opera- 
tion. In  the  home  garden  the  plants  may  be  set  with  a  dibble  and 
pressed  firm  with  hand  or  foot.  The  distances  between  plants  and 
rows  vary  with  the  grower  ~  in  general  it  would  be  safe  to  say  that 
late  field  varieties  should  be  placed  at  least  three  feet  between  rows 
and  twenty  inches  to  two  feet  in  the  row.  Hand  setting  is  advan- 
tageous in  that  the  rows  may  be  set  in  two  directions,  thus  affording 
opportunity  for  more  horse  work  and  less  hand  labor  in  culture. 

CiMvation.—  Frequent  tillage  in  dry  weather  is  one  of  the  secrets 
of  successful  culture.  Some  of  the  best  growers  cultivate  right  up 
to  within  a  week  or  so  of  the  harvest,  providing  that  the  crop  has 
not  made  suflScieot  growth.  Where  cultivation  may  be  carried  on 
in  two  directions,  very  httle  or  no  hand  labor  will  be  required  and  the 
breaking  of  a  few  leaves  is  not  of  sufficient  harm  to  offset  the  benefit 
of  tillage.  Toward  the  end  of  the  season  the  cultivator  should  be  set 
shallow  so  as  not  to  destroy  the  cabbage  root«. 

Diaeaae. —  Club  root  (Plaamodiopkora  braaaicae),  is  the  most 
common  cabbage  and  cauliflower  disease.  It  is  manifested  by 
an  abnormal  enlargement  of  the  root  and  consequent  poor  growth 
of  the  plant.  The  leaves  become  pale  and  wet^,  further  gain  in 
size  ceases  and  in  severe  stages  the  plant  soon  dies.  This  malady 
is  best  controlled  by  very  long  rotations  in  which  crops  of  distinctly 
different  nature  occur  such  as  timothy,  clover,  oats,  potatoes,  etc-  It 
is  also  essential  to  keep  prospective  cabbage  fields  free  from  crucife- 
rous weeds,  wild  mustard,  etc.     An  important  point  is  the  selection 
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each  year  of  a  new  clean  piece  of  ground  For  the  seed  bed  and  thus 
to  have  healthy  plants  for  the  field. 

«  Black  rot  {PseitdomOTUXs  eampestris),  when  once  established  in  a 
cabbf^  field,  is  an  even  more  serious  infection  than  the  preceding. 
The  first  precaution  to  be  observed  is  always  to  treat  the  seed  in 
a  solution  of  formaldehyde  or  mercury  bichloride  (corrosive  sublimate). 
The  formaldehyde  is  prepared  at  the  rate  of  one  pint  of  commercial 
formaldehyde  to  25  gallons  of  water  and  the  mercury  solution  at  the 
rate  of  one  ordinary  drug-store  tablet  to  one  pint  of  water.  The  use 
of  the  mercury  solution  should  be  confined  to  a  responsible  person 
since  the  substance  ia  a  deadly  poison  if  taken  internally.  The  prec&u- 
tioa  of  soaking  the  seed  is  particularly  necessary  with  black  rot  in 
timt  the  disease,  if  once  establi^ed  in  the  soil,  persists  there  from 
year  to  year. 

Phoma  wilt  (Pkoma  oleracea),  also  known  as  black  leg,  is  a  com- 
paratively new  cabbage  dlseaee  in  this  section.  The  first  symptoms 
are  shown  on  the  plsnte  in  the  seed  bed,  in  partly  diseased  condition 
of  the  root  and  peculiar  reddish  tinge  to  the  leaves;  generally  all  but 
a  very  few  of  the  affected  plants  are  discarded  by  the  careful  grower, 
yet  a  few  may  escape  and  carry  the  disease  to  the  field.  The  roots 
of  the  hidf  grown  plants  become  blackened,  nourishment  is  cut  off 
and  the  leaves  wither  and  drop  and  unless  adventitious  rootlets 
are  pushed  out  from  the  stem  the  cabbage  soon  dies.  The  soaking 
of  the  seed  is  a  necessary  precaution  against  the  spreading  of  the 
disease  into  new  sections. 

In  regard  to  disease,  the  New  Yoik  State  growers  are  peculiarly 
fortunate  in  having  an  ideal  cabbage  climate  and  in  practicing  a 
system  of  farming  which  calls  for  a  rotation  of  crops.  Selection  of 
strcHig  healthy  seed  parents  is  proving  to  be  an  important  point  in 
comtmting  disease. 

Insects.—  Flea  beetles  constitute  a  menace  to  youi^  seedUius 
in  that  they  hterally  riddle  the  leaves  and  thus  desfaxiy  or  seriouiuy 
check  the  growth.     Screening  of  the  seed-bed  is  the  surest  preventive. 

Ma^^ts  are  not  serious  enemi^  of  the  fall  cabbage  except  in  their 
attack  on  the  aeedlings,  which  damage  may  be  prevented  by  screen- 
ing. The  e^ga  are  laid  at  the  base  of  the  young  plant  by  the  adult 
fiy  and  soon  hatch  into  white  larvs  or  maggots  which  eat  the  root- 
lets, thus  caumng  the  plant  to  wilt  and  die.  The  ma^ot  is  dis- 
tinctly a  menace  to  early  cabbage  culture  and  often  may  destroy  80 
to  90  per  ct.  of  the  crop.  This  Station  has  found '  that  tarred  paper 
pads  ^ffoperly  placed  about  the  base  of  plant  after  settit^  in  the  field 
will  prevent  the  maggot  injury, 

Aphidfl  .constitute  a  serious  pest  of  the  cabbage  —  when  present 
in  sufficient  numbers  to  do  serious  damage.  The  aphidB  suck 
the  juices  of  the  leaves  causing  the  latter  to  roll  and  seriously  hinder- 
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ii^  normal  growth.  Black  Leaf  40  and  whale  oil  soap  combined 
in  the  proportion  of  J  pint  of  the  nicotine  and  5  lbs.  of  the  soap  to 
100  gallons  of  water  is  the  most  efficient  remedy.'  It  is  also  found 
that  propCT  nourishment  of  the  crop,  with  consequent  vigorous  growth, 
is  a  factor  in  preventing  damage. 

The  imported  cabbage  wonn  is  one  of  the  very  common  garden 
insects  and  in  certain  seasons  works  considerable  damage  on  the  cab- 
bage crop.  The  butterflies  are  white,  marked  with  black  on  the 
foretips  of  the  wings.  These  insects  may  be  noticed  in  great  abun- 
dance in  early  spring  and  again  in  midsummer.  The  worms  are  of  a 
velvety  green  color  and  when  mature  slightly  over  an  inch  in  length. 
They  are  voracious  eaters  and  a  very  few  will  work  havoc  on  a  cab- 
bage head.  The  control  is  simple — lead  arsenate  three  pounds,  any 
brand  of  hard  soap  two  pounds,  water  fifty  gallons.  Since  the  co- 
coons pssa  the  winter  beneath  old  cabbage  leaves  and  rubbish,  it  is 
important  to  destroy  all  such  waste  materials. 

The  cabbage  looper  is  also  a  serious  enemy  of  the  cabbage.  Its 
work  is  particularly  noticeable  in  late  summer  and  the  worm  itself  is 
distinguishable  from  the  more  common  species  by  its  looping  habit 
of  movement  —  similar  to  that  of  a  measuring  worm.  The  control 
measures  are  the  same  as  given  for  the  imported  cabbage  worm. 

There  is  no  danger  from  the  use  of  arsenicals  of  the  above 
proportions. 

Harvesting. —  Extensive  fields  are  usually  cut  at  one  tune  —  loading 
the  good  heads  into  wagons  and  carrying  them  directly  to  the  storage 
or  car.  Small  fields  for  local  trade  should  be  cut  over  at  different 
intervals  to  obtain  the  ripe  specimens.  Many  growers  cut  the  hard 
head  from  the  leafy  portion  and  gather  the  latter  for  fodder.  The 
method  of  harvesting  is  of  Uttle  importance.  It  is  essential,  however, 
that  only  good,  sound,  uncracked  heads  should  be  sold  in  the  first  grade 
stock.  Growers  often  go  through  their  fields  in  early  fall  and  if  many 
heads  are  cracking,  slightly  lift  the  plants  with  the  hands;  this  partial 
pulling  stops  root  feeding  and  often  delays  too  rapid  maturity. 

Storage. — As  a  general  proposition  it  is  probably  wiser  for  the  grower 
to  sell  his  crop  in  the  fall  than  to  attempt  to  save  it  through  the 
winter  for  higher  spring  prices.  The  loss  in  storage  is  often  tremend- 
ous and  unless  facilities  are  good,  it  is  sometimes  quite  impossible  to 
keep  the  crop.  In  cabbage  sections  there  are  generally  large  com- 
mercial storage  firms  who  buy  the  crop  direct  from  grower  and  tal^e 
chances  for  profit  or  loss  upon  themselves.  Cabbage  may  be  stored 
in  hfflne-made  pits  or  right  upon  the  ground  surf&ce  by  properly 
covering  with  strawy  litter  and  soil.  In  this  case  the  covering  should 
be  gradually  added  with  the  approach  of  winter  cold  and  taken  oS  as 
early  in  the  spring  as  the  wann  heating  days  set  in. 

*New  Yodc  Agritultural  Experiment  Station,  Cire.  30. 
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Cabbage  seed  production.. —  The  procuriog  of  good  seed  is  a  difficult 
problem  for  the  average  grower.  He  is  obliged  to  take  whatever  he 
can  eecure  and  often  to  bis  loss  and  disappoiiitiDent.  By  saving  the 
beet  heads,  roots  and  all,  from  his  field  and  keeping  them  through 
the  winter  and  again  setting  the  plants  in  the  Eeld  in  spring,  the 
grower  should  be  able  to  build  up  a  Btrain  of  fine  producing  stock. 
There  are  certain  growers  practicing  this  method  with  success  and 
finding  a  ready  outlet  for  the  surplus  seed.  This  home  grown  seed 
has  fully  demonstrated  its  superiority  over  ordinary  commercial  stock. 


Jersey  Wakefield. —  Elarliest  of  all  varietiM.  Sue  BmaUj  ihspe  eoniesl;  quality 
very  good.    Valuable  for  vary  early  market  and  home  pnrpoaeB. 

Copenhagen  Maihet. —  Earliest  round-headed  variety.  Sue  medium;  ttem  very 
short;  fol '"  .      -.r  ,     , .  .  .  .... 

RocfcR 
ifl  in  demand. 

Flat  Dutch. —  Late  variety.  Heads  attain  an  inuuNue  mie.  Shape  roundish 
flattened;  stem  short;  quality  very  good.    Valuable  market  variety. 

Danish  Ball  Head.—  Late  variety,  Sise  medium;  shape  sphedcal  with  somewhat 
drawn-out  base;  quality  very  good.  The  kadJ^  storage  variety  on  accoont  at  its 
splendid  keeping  quality. 

Drumhead  ^voy.^  Medium  to  late  variety.  Siae  medium,  distinguished  from 
ordinary  cabbage  by  its  curled  and  crinkled  leaves  of  bri^t  vigorous  green;  quality 
very  good. 
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REPORT  ON   INSPECTION  WORK. 

SEED  TESTS  MADE  AT  THE  STATION  DURING 
1916* 

M.  T.  MDNN. 
SUMMARY. 

Part  I. —  Of  the  323  official  samples  of  seed  drawn  from  dealers* 
stocks  by  authorized  representatives  of  the  Commissioner  of  Agri- 
Gultmre  15,  or  4.6  per  ct.,  were  found  upon  analysis  to  be  Eolations 
of  tbe  seed  law.  The  present  seed  law  affords  only  a  partial  pro- 
tection to  the  uninformed  purchaser  of  seeds  since  It  does  not 
require  a  reasonable  freedom  from  dodder  or  other  noxious  weed 
seeds,  or  from  inert  matter.  Many  of  the  lots  of  seed  from  which 
samples  were  drawn  contained  varying  amounts  of  dodder  seed  or 
odier  weed  seeds  and  because  of  the  fact  that  they  did  not  exceed 
the  3  per  ct.  limit  of  the  seed  law  passed  onto  Qie  market  without 
labels  to  wain  purchasers  of  the  presence  of  seeds  of  these  weed 
pests. 

Part  n. —  The  number  of  seed  samples  (777)  received  from  cor- 
respondents for  purity  test  is  far  below  ibe  number  received  during 
ttte  previous  year.  This  decrease  in  numbers  is  due  to  the  coopera- 
tion witti  the  seed  laboratoiy  of  various  organizations  which  made 
one  person  responsible  for  &e  purchase  of  a  quanti^  of  seed,  and 
also  to  an  apparent  decrease  in  tiie  number  of  small,  worthless, 
free,  advertizing  samples  of  seed  furnished  to  prospective  buyers. 

Samples  of  orchard  grass  seed  showed  that  in  some  cases  diese 
goods  have  been  intentional^  adulterated  with  chaff  and  inert 
matter,  while  the  Dwaif  Essex  rape  seed  had  been  adulterated 
wiib  Uie  chei^  bird  rape  seed  and  other  varieties  of  rape,  and  various 
kinds  of  mustard  seed. 

Dodder  was  found  in  one  sample  of  orchard  grass  seed  into  which 
it  had  been  intentionally  introduced  along  with  inert  matter  of 
various  kinds.  Over  10  per  ct.  of  tiie  alfalfa  seed  samples  contained 
dodder,  in  one  instance  to  tiie  extent  of  2.5  per  ct 

*  A  raprint  of  BulletiD  No.  416,  March,  1916. 
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I.    INSPECTION  OF  AGRICULTURAL  SEEDS. 

Part  I  of  this  bulletin  gives  the  reeulta  of  the  analyses  of  the 
official  aamples  of  agricultural  seeds  collected  during  the  year  1915. 
These  samples  were  collected  under  the  provisions  of  Article  15  of 
the  Agricultural  Law  and  were  transmitted  for  analysis  to  the 
Director  of  the  New  York  Agricultural  Experiment  Station,  in 
accordance  with  the  provisions  of  Section  341  of  swd  law. 

These  analyses  and  other  additional  information  are  published  by 
the  Director  in  accordance  with  said  Section  341.  Article  15  of  the 
Agricultural  Law,  or  what  is  known  as  the  "  Seed  Law  "  will  be 
found  below,  printed  in  full. 

PROVISIONS   OF  THE   AGRICULTURAL  LAW  RELATIVE   TO  THE 
INSPECTION   AND   SALE   OF  AGRICULTUBAL  SEEDS. 

ARTICLE  15  OF  THE  AGRICULTURAL  LAW. 
INSFECnON  AHD  SALE  OF  SEEDS. 
Section  340.    Inspection  and  sale  of  seeds. 

341.    Samples,  publication  of  results  of  exannnation. 

§  340.  Inspection  and  sale  of  seeds.  Within  the  meaning  of  this 
article  "  agricultural  seeds  "  are  defined  as  the  seeds  of  alfalfa, 
Canadian  blue  grass,  Kentucky  blue  grass,  alaike  clover,  crimson 
clover,  red  clover,  white  clover,  vetch,  orchard  grass,  rape,  redtop, 
and  timothy  which  are  to  be  used  for  sowing  or  seeding  purposes. 
No  person,  firm  or  corporation  shall  sell,  offer,  expose  or  have  in 
his  possession  for  sale  for  the  purpose  of  seeding,  any  seeds  of  grasses 
or  clovers,  of  the  kind  known  as  agricultural  seeds,  containing  in 
excess  of  tliree  per  centum  by  weight  of  foul  or  foreign  seeds,  imless 
every  receptacle,  package,  sack  or  bag  containing  such  seeds  is 
plainly  marked  or  labeled  with  the  per  centum  of  such  foul  or  foreign 
seeds  contained  therein.  (As  amended  by  chapter  59  of  the  Laws 
of  1916.) 

§  341.  Samples,  publication  of  results  of  ezaraination.  The 
commissioner  of  agriculture  or  his  duly  authorized  representatives 
shall  take  samples  of  seed  in  triplicate  in  the  presence  of  at  least 
one  witness  and  in  the  presence  of  such  witness  shall  seal  such 
samples  and  shall  at  the  time  of  taking  tender,  and  if  accepted. 
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deliver  to  the  persou  apparently  in  chai^  one  of  such  samplea; 
one  of  the  other  eamplee  the  commissioner  of  agriculture  shall  cause 
to  be  analyzed.  The  director  of  the  New  York  {^cultural  experi- 
ment station  shall  analyze  or  cause  to  be  analyzed  such  samples  <^ 
seeds  taken  under  the  provisions  of  this  article  as  shall  be  submitted 
to  him  for  that  purpose  by  the  commissioner  of  agriculture  and 
shall  report  such  analyns  to  the  commissioner  of  agriculture,  and 
for  this  purpose  the  New  York  agricultural  experiment  station  may 
empl<^  experts  and  incur  such  expenses  as  may  be  necessary  to 
comply  with  the  requirements  of  this  article.  The  result  of  the 
analysis  of  the  sample  or  samples  so  procured,  together  with  such 
additional  information  as  circumstances  advise,  shall  be  published 
in  reports  or  bulletins  from  IJme  to  time. 
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C.  F.  SatU,  Syracuse . 
Defiance  Mammoth 

Stq>hen  B.  Mraritt,  PrattdnirK. 
Fancy  Mammotii , , 

Hawkins  Haidwara  Co.,  Geneva. 
Candy's  Mammoth 

Geo  W.  Peck  Co.,  Bath. 
Goiuine  Peavine  Mammoth 

A.  M.  Stoong,  Syracuic. 
Gbbe  Mammoth 

Bridger  ±  Wilcox,  Phelps. 
Honor  Mammoth 

Wm.  Hamilton  A  Son,  Caledonia. 
Imwrator  Mammotii 

Cornelius  Van  Allen,  Watkins. 
Kaiser  Mammoth 

William  T.  Coleman,  ^Imira. 
lim  Mammoth . , 

WUUam  H.  Paddock,  Woloott. 
lion  Mammoth 

Watson  A  Son,  Warsaw. 
Onondaga  Mammoth 

T.  M.  Lanen,  Dundee. 
Fan  American  Mammoth 

ESmore  Milling  Co.,  Oneonta. 
Star  Mammoth 

Brewster  Crittenden  A  Co.,  Bocbester. 
Star  Mammoth 

D.  L.  Banaey  k  Son,  Auburn. 
Star  Mammoth 

E.  WilEamaon  Mercantile  Co.,  E.WiUiamHin. 
Toll  Mammoth 

James  Vick's  Bona,  Bocbeater. 
Value  Medium 

Barnhart  A  Fuller,  Faicport. 
Medimn 

Henry  W.  Bowes,  Bath. 
Mfdtum. 

Bon  A  Starkweather  Co.,  Bodwster. 
Medium 

E.  F,  Dibble,  Hmwoye  Falls. 
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Clovbb  (ormttnuffO: 
H«dhim 

E.  F.  Dibbk,  Honec^  Falh 

Mcdnun 

F.  H.  EbdiDg,  Synouie. 

Ebrnm  MiiHng  Co.,  (hiecmta. 
Medium 

Webrter  D.  Hatch,  Hcdley. 
Medium 

E.  R.  H^woQ  Co.,  Senecft  Falk. 
Medium 

H«ni7  ft  Mhaert,  Buffalo. 
Medium 

Stephen  HoUande  ft  Son,  HonHO. 
Medium 

Fvoy  KtR  Lenett  Haidware  Co.,  Csto. 
Medium 

D.  L.  RamMT  ft  Sod,  Auburn. 
Medium 

Fory  C.  Shafer  Co.,  Broekport. 

Medium 

,^     M.  F.  Smith  ft  Son,  BomU. 
Medium 

State  A«ricultursl  ft  Industrial  Sdiqfd,  1 

Medium 

Claraioe  J.  Tferney,  W^laee. 
Medium 

James  Vick'i  Bona,  RoehcMcr. 
Medium 

Jamee  Vick'a  Soqb,  Rocherter. 

I.  M.  Young,  Riwhead. 

Aoe  Medium 

Beekman  Claiy  ft  Van  Liew,  Dundee. 

Dean-DUlin^iam  Co.,  Auburn, 
Ace  Medium 

C.  A.  ScMdoy  ft  Sod,  Palmyra. 
Am  Medium 

Hw  ShoemaJcer  Co.,  Oakwood. 
Ad^ih'  Medium 

Wm.  Hamilton  ft  Son,  Caledonia. 
A.  R,  C.  Medium 

Rufua  A.  Mather,  Caoandaigua. 
Arc  Medium 

John  L.  Bogen  ft  Arthur  B.  Suchtt',  [^oiu. 


ilized  by  Google 


New  Yobs  AoRicuimnuL  Experihent  Station.         537 
ANALYSES  OF  SAMPLES  OF  SEEDS  COLLGOTED  (eonKniMd}. 


Clovxr  (eonCtnuad): 
Arc  Medium 

Frank  B.  Saxtoa,  Venioe  Cent«r. 
Choice  Medium 

Botrftm  D.  Banker  HuilwaM  CJo.,  Merldiaa. 
Choice  Medium 

WilUsm  O.  Hill,  Attica. 
Choice  Medium 

C.  F.  S&ul,  ByracuBG. 
CiDwn  Medium 

Humphrey  Courtney,  Atlanta. 
&own  Medium 

Charles  J.  Scrvoea,  Macedon. 
E3i  Medium 

Wheeler  Broa.,  Holoomb. 
EDc  Medium 

Briscoe  and  Tupper,  Churchville. 
Hk  Medium 

John  L.  Rogers  A  Arthur  E.  Sucher,  Lyoua. 
Eureka  Medium 

Mill«r  Bros.  Co.,  Bergrai. 
Eureka 

L.  G,  Miller  &  Sons,  Olean. 
Eureka 

L,  L.  FattenoD  A  Co.,  Syracuse. 
Eureka  Medium 

RoBH  A.  ReynokiB,  Phelpa. 
Eureka  Medium 

Perry  C.  Shafer  Co.,  Brockport 
Elztra  Fancy  Medium 

Dorcheeter  A  Rose,  Geneva. 
Fancy 

Harvey  Seed  Co.,  BufFab. 
Fancy 

James  Vick's  Sons,  Rochester. 
Fancy  Medium 

B.  F.  French  &  Son,  Attiea. 
Fancy  Medium t 

Hawkins  Hardware  Co.,  Geneva. 
Fancy  Peavine 

The  J.  p.  Strait  MQling  Co.,  Inc.,  Cadeteo. 
Gandy'a  Fancy  Medium 

Hemy  W.  Bowes,  Bath. 
Gaudy's  Choice  Medium 

Goo.  W.  Peick  Co.,  Bath. 
Dandy's  Extra  Fancy  Medium 

Donald  G.  Fraser,  Batavia. 
Gandy's  Standard  A.  Fancy..! 

Donald  G.  Fraser,  Batavia. 
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Cmteh  (ei/ndudedj . 

Gaudy's  Extra  Fancy  No.  10 

Schooumaker  Co.,  Seneca  Caetk. 
Globe  Medium 

A.  A.  GrinneU  Co.,  Inc.,  O&kfield. 
Globe  Medium 

E.  R.  HayBeen  Co.,  Seneca  Falls. 
Honor  Mednnn 

Hickox  Rumaey  Co.,  Inc.,  Batavia. 
Honor  Medium. . . . .' 

Hickox  Rumaey  Co.,  Inc.,  Batavia. 
lion  Medium 

William  H.  Paddock,  Wolcott. 
lion  Medium . 

Wateon  A  Son,  Wsnaw. 
Onondaga  Medium 

C.  F.  Saul,  Syracuse. 

Pan  American  Medium 

Elmore  Milling  Co.,  Oneonta. 
Pan  American 

Horton  &  Cromer,  Penn  Yan. 
Pine  Tree  Medium 

B,  8.  Buahnel!,  Brockport. 

Pine  Tree  Medium 

E.  R.  Hayaeen  Co.,  Seneca  Falls. 
Prime  Medium 

Philip  Deuchler  t  Son,  Lyons. 
Reliabte  Selected 

Auburn  Fknir  A  Feed  Co.,  Auburn. 
Rdiable  Medium 

Joeeph  Meehan,  Batftvia. 
Selected  Medium 

A.  A.  Orinnell  Co.,  Inc.,  Oakfidd. 
Star  Medium 

D.  L.  Ramsey  A  Son,  Auburn. 

Star  Medium 

Brewster  Crittenden  &  Co.,  Rochest«r. 
White 

Ayree  A  Knapp,  Elmin. 
White 

J.  Holley  Bradiah,  Batavia. 
White 

Morris  Bros,,  Oneonta. 
White 

A.  J.  Nicht,  Aubu-n. 
White 

James  Vick's  Sons,  Rochester. 
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rotocn        Inert  Put* 


Obchard  Orabs: 
Orohaid  Gnas 

E.  F.  Dibble,  Seed  Glower,  HixieDye  F«lk. 
Orohard  Gnui 

F.  L'  JemungB,  ELmin. 
OrcbardGran 

Geo.  W.  Peck  Co.,  Bath. 

Orchard  Gaaa,  Choice 

Clarence  Tuoksr  A,  P.  8.  Line  EaUte,  Wal- 


Orchard  Giaae 

Weeber  ft  Don,  Neir  Ytn-k. 
Orchard  Gran 

I.  M.  Young,  Rivahead. 

Rape: 
Dwarf  Eeeex 

Croaman  Bros.,  Roohester. 
Dwarf  Essex 

Geo.  W.  Peck  Co.,  Bath. 
Dwarf  Ebbox 

T.  C.  Smyth,  Leroy. 
Dwarf  Eeaex 

E.  R.  Hayaeai  Co.,  Seueca  Falls. 


Red  Top: 

E.  F.  Kbbie,  Seed  Grower,  Honeoye  FtOa. 
Climax 

F.  H.  Ebeling,  Syracuse. 

J.  Holiey  Bradiah,  Batavia. 

Thomas  Hibbtwd  Co.,  Horaehead. 

Uonia  Bros.,  Oiwoiita. 

William  Wilson,  Geneva. 
FanCT 


;.  Young,  Riverhead. 

UnhuUed 

William  H.  Foguson  t  Son,  Elmira. 


18.62 
20.02 


7.48 
10.10 
10.03 
13.85 
8.12 
9.24 
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Tu^tby 

Alex.  Davidson,  Cukandi^ua. 
Timothy 

E.  F.  DibblQ,  Seed  Grower,  Honeoye  FaUa. 
llmothy 

E.  F.  Dibble,  Seed  Qrower,  Honeoya  Palla. 
Timothy 

J.  P.  Guliek,  Hempatead. 
nmothy 

Harvey  Seed  Co.,  Buffalo. 


Stephen  HoUanda  &  Sons,  Homell. 
Timothy 

Horton  A  Crom»,  Penn  Yan. 
Timothy 

£.  E.  Jouee,  It«maeD. 
Timothy 

Knapp  Bro!.,  Elmin. 
Timothy,  B 

B.  F.  MetcaU  &  Son,  Cbitteoango. 
Timothy^  S 

B.  F.  Metealf  &  Son,  Chittenango. 
Timothy,  J 

B.  F.  Metealf  t  Scm,  Chittenatigo. 
Timothy 

Halsey  P.  Minor,  Int«rlaken. 
Timothy,  643 

Morris  Bros.,  Oneonta. 
■nmothy 

T.  C.  Smyth,  Lcroy. 
Timothy 

SUte  Agricultural  ft  Indastrial  SeboiA,  In- 

Timothy,  "A" 

JaineB  Vick's  Sona,  Rochuter. 
Timothy,  "  B  " 

James  Vick'a  Sons,  Socheeter, 
Timothy 

JamsB  ^ck'g  Sons,  Rochester. 

Habey  P.  Minor,  Interlakeu. 

Sidn^  B.  Bolyen,  Alpine. 

A.  L.  Davia  Son,  Binghamton. 

Bingo 

T.  W.  Waid  &  Son,  Mnavia. 


CouFounos. 


'ss" 

nSS. 

Perd. 

.14 

,60 

.10 

.26 

.10 

.21 

.    -28 

.30 

.06 

.11 

,17 

.33 

.20 

-36 

.27 

-26 

.15 

,0* 

.10 

.32 

.90 

.97 

.07 

.43 

-41 

.61 

l.SO 

.65 

.15 

.43 

.25 

.16 

.35 

.23 

.17 

.12 

.06 

,25 

.50 

.26 

.49 

.48 

.10 

-14 

.14 

.16 
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TiMOTHT  (fionHwud): 
Blue  Jay 

BuiT  dt  StariiweatlKr  Co.,  Rochester. 
Bob 

Fredericlc  L.  Jennings,  EIiiutk. 
Bon 

J.  M,  McMahiHi,  Fairport. 
Choice 

HawldnB  Hwrdware  Co.,  Genev». 

Willi^  G.Hiill  Attica.' 

ChcuM 

Maloney  Broe.,  Wateiioo. 
Choice 

Percy  Keir  L^gett  Hanlware  Co.,  Ctrto. 
Cb<Hoe 

C.  F.  Saul,  SyracQoe. 
ChurcbiU'i  Fancy 

Ballintine  Hanlwara  Co.,  Wanaw. 
CfaurchiU'B  Fancy 

Cheney  4c  McGee,  Waraaw. 
ChurchiU's  Fancy 

Aaron  F.  Willianu,  Condng. 

L.  L-Pattoreon  A  Co*.,*  sii^iljxiee. 
C<riumtMa 

C.  F.  Saul,  Syracuae. 
Entopia 

^Uiam  H.  Ferguson  k  Son,  Sandra. 
Gandy^  Extra  Fancy 

Donald  G.  Fraser,  Batavia. 
Gandy'B  Extra  Fancy 

ScboonmBker  Co.,  Seneca  Castle. 
Odd  Medal 

J.  H.  Bradiah,  BaUvia. 
Gold  Medal 

Elmore  Milling  Co.,  Oneonta. 
Gold  Medal 

E.  R.  Lov«  4c  Son,  Watkina. 

Comet 

Henry  &  Miaaert,  Buffalo. 
Dm 

I.  M.  Young,  Riverbead. 

F.  H.  EbelJug,  Syracuae. 

B.  F.  French  A  Son,  Attica. 

Globe 

F.  H.  Ebdint;,  Syracuse. 
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TiiioTHT  (eoniinuMi) : 
Globe.  Bright  Hulled 

F.  H.  Ebeling,  Syncuae. 
Glob*. 

P.  Mftloney  k  Son,  Bed  Creek, 
fflobe 

I.  8.  Matthews  Sodb,  BinghamtoD. 

MatttHiw  H.  Be^i^y,  New  B^.* 
Hickox  Rumsey  Co.,  Inc.,  Batavia. 

Ghas.  ii.  PoiJe,  Rmiie. 
ImperatoT 

Elmore  MiUing  Co.,  OneontK. 
Im-aertAot 

GonieliuB  Van  Allen,  W&tkuw. 
King 

Ertell  E.  Franklin,  Whitney  Point. 
King 

T.  M.  Idiaen,  Dundee. 
King 

C.  A.  Seeaions  k  Son,  Palmyra. 
Lah 

BRWBler  Crittenden  k  Co.,  Bocheeter. 
Uberty  Selected  

Matthew  H.  Beardaley,  New  Berlin. 
Liberty  Becletmed 

Getn^  C.  Broadbooka,  Attica. 
liberty  Selected 

Gray  Bros.,  North  Koee. 
liberty  Selected 

Horton  k  CiosieT,  Penu  Yan. 
No.  10 

Matthew  H.  Beaideley,  New  BtrUn. 
Onondaga 

T.  M.  I^nen,  Dundee. 
Onondaga 

Chaiiee  F.  Saul,  Syiacuae. 
Oriole 

John  T.  Dairison  k  Co.,  Lockport. 

Stephen  B.  Merritt,  Prattaburg. 
Pan  American 

Frederick  L,  Jennings,  Blmira. 
Pan 'American 

L.  G.  Miller  k  Sons,  Clean. 
Pan  American 

The  Peck  Hardware  Co. 
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1314 
1241 

1665 
634 
2101 
lfll6 
2125 


1770 
1«71 


TiMOTBT  (amdudai): 

Pan  American 

M.  F.  Smith  A  Son,  HotimU. 
nneTree 

R.  S.  Bushnell,  Broekport. 
Km  Tree 

Deaji-Diliingllam  Co.,  Aubuiu. 
Pine  Tree 

I.  3.  Matthews  Sons,  Bii^Jiamton. 
BamBey'H  Special  Reeleaued 

D.  L.  Ruasey  &  Son,  Aubum. 
R«cleaned 

Watson  A  Sou,  Waraaw. 

Recleaned 

AaroD  F,  WilliainB,  Coining. 

John  T.  Darrison  A  Co.,  Lockport. 
Square  Deal 

P.  Makmey  &  Son,  Red  Cteek. 
State 

Irving  L.  Richer,  New  BerKn. 
Strong's  Fancy  Recleaned 

A.  M.  Strong,  Syracuse. 
Tip  Top 

Dorchester  A  Roae,  Geneva. 
VaJue 

Perry  C.  Shaler  Co.,  Broekport. 

V«tch: 

Hairy  Winter 

E.  F.  Dibble,  Honeoye  Falb. 
Hairy  Winter 

F.  L.  JeDnijkgB,  EZmira. 


DISCUBSION  OF  THE  RESULTS  OF  THE  INSPECTION  OP  SEEDS. 

Durii^  the  past  year  323  official  samples  of  seed  were  collected 
and  analyzed.  Of  these  15,  or  4.6  per  ct.,  were  violations  of  the  seed 
law;  that  is,  they  contained  over  3  per  ct.  by  weight  of  foul  or  foreign 
seed  and  were  not  so  labeled. 

The  amount  of  misnamed  seed  or  unlabeled  seed  of  poor  quality 
upon  the  market  has  gradually  decreased  since  the  inception  of  the 
present  seed  law.    This  is  evidenced  by  the  fact  that  20.8  per  ct. 
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of  the  Bamplee  collected  during  1912  were  violations  of  the  seed  law, 
while  there  were  17.6  per  ct.  of  viol&tions  in  1913,  10.9  per  ct.  in 
1914  and  only  4.6  per  ct.  in  1915.  It  is  to  be  remembered,  also, 
that  the  greater  proportion  of  the  samples  which  prove  to  be  vtc^ 
tions  do  not  represent  seeds  which  are  especially  objectionable  for 
seeding  purposes  since  in  many  cases  the  crop  seed  is  contaminated 
wit^  another  crop  seed  of  about  the  same  size  and  weight  and 
often  of  equal  or  higher  value.  On  the  other  hand,  a  considerable 
number  of  the  samples  which  pass  the  very  lenient  requirements  of 
the  seed  law  are  contaminated  with  dodder  and  other  noxious 
weeds,  the  amount  often  closely  approximating  3  per  ct.  by  weight, — 
sufficient  to  make  the  crop  seed  very  objectionable  for  seeding 
purposes. 

Many  different  kinds  of  labels  are  used  in  taggii^  the  various 
paclu^^,  bags  and  lots  of  seed  upon  the  market.  The  present  seed 
law  does  not  designate  what  information  the  label  must  convey  to 
the  prospective  buyer  except  that  the  percentage  of  foul  or  foreign 
seed  must  be  stated  when  it  exceeds  3  per  ct.  by  weight.  Some 
labels  found  upon  lota  of  seed  indicate  the  nature  and  kind  of  seed 
impurity  in  the  crop  seed  while  others  classify  it  as  foreign  seed. 
The  former  method  is  to  be  preferred  since  it  is  of  importance  to 
know  whether  the  seed  is  that  of  another  crop  seed  of  v^ue  and  not 
weed  seeds.  It  is  also  of  more  importance  for  the  buyer  to  know, 
for  instance,  that  blue  grass  seed  contains  a  comparatively  heavy 
and  low  priced  seed  like  timothy,  than  it  is  to  know  that  there  is 
white  clover  seed  in  alsike  clover  seed  where  the  weight  and  value 
of  the  seeds  compare  favorably. 

In  general,  the  samples  analyzed  during  1915  revealed  spprox- 
imatdy  the  same  seed  trade  conditions  as  prevailed  during  1914; 
that  is  to  say,  but  very  little  protection  was  afforded  the  purchaser 
of  seeds  since  the  lots  of  seed  which  contained  small  amounts  of 
very  noxious  or  objectionable  weed  seeds  passed  onto  the  market 
without  tags  or  identification  marks  to  warn  the  purchaser,  while 
those  lots  of  seed  which  contcuned  over  3  per  ct.  of  foul  or  foreign 
seed  (which  in  most  cases  was  another  crop  seed  of  similar  size  and 
shape)  required  labels  to  satisfy  the  requirements  of  the  present  seed 
law,  which  is  very  lenient  in  this  respect. 
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II.    VOLUNTARY  EXAMINATIONS  FOR 
CORRESPONDENTS. 

During  the  past  year,  777  samples  of  seed  have  been  received  frcon 
correspondents  and  analyzed  for  purity.  The  greater  proportion 
of  the  samples  were  those  of  alfalfa,  alsike  clover,  red  clover  and 
timothy.  In  addition  to  these  there  were  71  miscellaneous  samples 
representing  19  kinds  of  seed.  The  number  of  samples  received 
during  the  year  is  considerably  smaller  than  that  of  the  previous 
year  when  1155  samples  were  received  from  the  same  source.  This 
decrease  in  number  of  samples  submitted  for  analysis  appears  to 
be  due  to  the  facts  that,  (1)  there  is  an  increasing  amount  of  labeled 
seeds  upon  the  market  because  of  the  inspection  law.  These  labeled 
goods  are  offered  by  reputable  seed  dealers  whose  brand  mark  or 
purity  test  serves  as  a  guaranty  of  the  seeds  sold  under  such  tags; 
(2)  there  is  a  marked  decrease  in  the  number  of  small,  carefully 
cleaned,  advertizing  samples  of  seed  distributed  to  prospective 
buyers.  Farmers  are  r^arding  such-  samples  with  much  suspicion 
and  are  not  buying  thdr  seeds  upon  the  results  of  analyses  made 
upon  these  UDrepreeentative  samples;  (3)  farmers'  cooperative  asso- 
ciations, granges,  farm  bureau  managers  and  other  special  purchasing 
agents  have  cooperated  with  the  seed  laboratory  by  sending  one 
carefully  mixed  sample  from  lai%e  lots  of  seed  which  they  purchased 
for  their  respective  organizations. 

In  a  number  of  instances  large  shipments  of  seeds  have  been  held 
in  the  cars  on  the  track  awaiting  a  report  of  purity  test.  Such  a  pro- 
cedure is  to  be  conunended  since  it  serves  as  a  protection  to  farmers 
and  extends  the  benefits  to  be  derived  from  the  seed  laboratory. 
A  few  .analyses  were  made  for  seed  dealers  but  these  only  on  special 
request  bnd  where  it  was  feared  that  noxious  weed  seeds  were  con- 
tained in  the  large  shipments  of  seed  —  in  some  cases  car  lots. 

SEED  TRADE    CONDITIONB   DURINO   1915. 

It  appears  tliat  the  shortage  of  seeds  due  to  stoppage  of  imported 
goods  brought  all  grades  of  stock  onto  the  market.  Much  old  and 
impure  seed  was  found.  Red  clover  samples  contained  an  unusually 
large  number  and  variety  of  weed  seeds,  some  of  which,  because  of 
their  noxious  character,  made  the  crop  seed  worthless  for  seeding 
purposes.  Samples  of  timothy  seed  did  not  show  their  usual  freedom 
.  from  weed  seeds,  many  bad  weed  seeds  being  found  in  these  samples. 
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Orchard  grass  samples  analyzed  showed  a  very  deplorable  caa- 
diUon  as  r^axds  quality.  The  low  percentAge  of  pure  seed  being 
due  mainly  to  the  presence  of  excessive  amounts  of  chaff  and  similar 
inert  matter. 

The  rape  seed  samples  showed  that  in  some  instances  the  cheap 
bird  rape  seed  had  been  substituted  for  the  valuable  Dwarf  Essex 
or  winter  rape.  Considerable  mustard  seed  of  various  kinds  was 
also  found  in  these  samples. 

DODDBB   FOUND   IN   SEED   BAUPLES. 

Over  10  per  ct.  of  the  alfalfa  seed  samples  examined  contained 
seeds  of  dodder.  One  sample  of  alfalfa  seed  which  purported  to  be 
western-grown  seed  contained  over  2.5  per  ot.  smaU-seeded  dodder. 
Dodder  seeds  were  found  in  3  per  ct.  of  the  red  clover  seed  samples, 
and  one  sample  of  alsike  clover  contained  seeds  of  this  noxious 
weed. 

One  sample  of  orchard  grass  seed  was  found  to  contain  the  large- 
seeded  dodder.  The  presence  of  the  dodder  seeds,  other  weed  seeds 
and  the  excessive  amount  of  inert  matter  could  be  explained  only 
upon  the  ground  that  they  were  intentionally  introduced  into  the 
orchard  grass  seed  for  the  purpose  of  giving  it  weight. 


Diqilized  by  Google 


REPORT  OF  ANALYSES  OF  SAMPLES  OF  COM- 
MERCIAL FERTILIZERS  COLLECTED  BY  THE 
COMMISSIONER  OF  AGRICULTURE  DURING 
1916* 


There  are  presented  in  this  bulletin  the  analyses  of  samples  of 
fertilizers  collected  by  the  Commiaaoner  of  Agriculture  during 
1916,  and  transmitted  by  him  for  analysis  to  the  Director  of  the 
New  York  Agricultural  Experiment  Station,  in  accordance  with 
the  provisions  of  Article  0  of  the  Agricultural  Law.  These  analyses 
and  the  accompanying  information  are  published  by  s^d  Director 
in  accordance  with  the  provisions  of  Section  224  of  said  Law. 

In  previous  years  it  has  been  customary  to  give  figures  showing 
the  current  values  of  fertilizer  ingredients  as  a  basis  for  determining 
the  approximate  commercial  valuation  of  different  brands;  but, 
owing  to  the  serious  interference  of  the  war  with  supplies  of  fertil- 
izing materials  and  the  consequent  increase  of 'cost,  it  was  decided 
by  the  experiment  stations  of  New  England  and  the  Middle  States 
that  it  would  be  impracticable  to  prepare  any  schedule  of  trade- 
values  covering  conditions  during  the  past  year. 

*  A  Kfobit  or  Bulletin  No-  425,  October,  1916. 
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Nuni  AMD  ADDRBee  or  MANUTAcroBaB 
OK  Jobbbb;  Bband  or  Tbadb  Name 

ANO    LOCAUTT    WHBRB    SAMPLE    WAS 

Takbk 

Nmn- 
ber 

Potmna  in  100  Porana  o» 

mtro- 
gen 

PhoqibMlcadd 

Avail- 
able 

Total 

Potaah 

American     AoMCUfcrOEAi,     Cbmhcai, 
Co.,  N»w  York,  N.  Y. 
l*%  Add  PboqthBte 

6692 

G' 
F* 

— 

14 
14.58 

15 
16.24 

::3 

16%  Add  Fbo<q)bate 
Bfn^uunbKi 

01152 

O 

F 

zz 

16 
16 ,82 

17 
16.84 

Acid  Phosphato  18% 
Salem 

01918 

O 
F 

~ 

18 
17,89 

19 
18.16 

. 

Aome  Eariy  Crop  Frodueer 
L.  I.  City 

01737 

G 
F 

4.11 
4.56 

8 
8.30 

0 
9,10 

1 

0.94 

Acme    Long    Idand    Vegetable    & 
Potato  Grower 

Jamaii- 

01724 

O 
F 

3.29 
3-2S 

10 
10.64 

11 
11.60 

z 

Ammoniated  FerliliMr  A 

01151 

G 
F 

0,82 
1-05 

10 
991 

11 
10.55 

Malone 

6270 

O 
F 

2,47 
2.66 

10 
10.63 

11 
11.75 

Oneouta 

0327 

0 
F 

3.29 
3.38 

10 
10.16 

11 
11.60 

ZZI 

Bntdl^'fl  B.  D.  Sea  Fowl  Ouano  1916 
Penn  Yan 

0173 

G 
F 

0.82 
0.92 

10 
11.40 

11 
13.20 

1 

0.85 

Biadlcqr'H    Complete    Mamire    for 
Potatoea  and  Vegetablea  1916 

Elmira 

0766 

G 
P 

3.29 
3.02 

9 
10.69 

10 
11.11 

1 
O.SD 

f^tfrport 

0156 

G 

F 

1.23 
1.80 

10 
10.47 

11 

11.87 

1 

o.so 

Bradley-a  Gold«  Crop  Compound 
Rome 

6746 

G 
F 

2.47 
2-49 

10 
10.37 

11 
11.69 

— 

Bradley's   New   Metliod    Fertiliier 

Stittville 

6724 

G 
F 

0.82 
0.88 

8 
9.27 

9 
10.73 

1 

0.66 

*  TbMe  lettefs  indicate,  reqieotively.  Guaranteed  and  Found. 
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New  York  Aqricdltubal  Expbriuekt  Station. 


RiroKT  or  Analtbis  or  BtitrtMa  or  FsBnuni 


BioHBB  or  AomcniAUBX  Dubiho  1916  (cmltnuMf) 

-^ 

Name  and  Addbkhb  o»  MANU»AcrCBWi 
OB  Jobbeb;  Bkamd  ob  Tradb  Naux; 
AMD  LocAurr  Whibb  Samtlb  was 
Tamm. 

Num- 
ber 

PouKBB  IN  100  PODNPa  or 

FlBTIUZBB 

nnqthorieiMnd 

Avail- 
able 

Total 

FOtaib 

All«BICAMAOTICUi;njBAl.CHBMlCAl,Co., 

Niw  YoBK,  N.  Y.  (oonlunwd) 
Locke 

01253 

; 

2.0S 
2.07 

8 
9.4S 

9 
10.41) 

1 
0.92 

Bradley'B  Potato  Manure  1916 
SUHville 

6723 

s 

2.47 
2.43 

9 
10.46 

10 
10.46 

1 
0.93 

Bwdley'8  Tob«ooo  Mmuie  without 
Fotuh 
Owego 

01235 

G 
F 

4.53 
4.52 

3 
3.54 

4 
4.12 

z 

foadlejr'B  Traoken  Ddight 
Roxburr 

0167S 

G 

F 

3.2» 
3.30 

10 
10.98 

11 
12.14 

— 

Bradley's  Unicom  1918 
Fairport 

0157 

G 
F 

1.66 
1.67 

0 
9.66 

10 
10.90 

0.9S 

Oark'B  Cove  King  Philip  Alkaline 
Guano  1916 

01052 

G 
F 

0.82 
0.84 

S 
8.62 

10.36 

0.80 

Crocker's  Complete  Manure  1916 
Bogen 

01856 

G 
F 

0.82 
0.86 

10 
11.27 

11 
12.11 

0.96 

Crockw'8  Harvest  Jewd  TertaUMr 
1916 
Canaetoia 

01274 

G 

1.65 
1.64 

9 
10.40 

10 
11.72 

0.92 

Crocka''s  High  Grade  Spedd  1916 
Bergen 

01867 

O 
F 

1.65 
1.66 

10 
11.72 

11 
12.  U 

0.82 

Orockar-B  New  Bival  FertiliBer  1916 
Rome 

6744 

G 
F 

1.23 
1.33 

10 
10.92 

11 
11.94 

0.96 

Croeker's  Potato,  Hop  and  Tobaooo 
Fertiliier  1916 
Cartle  Creek 

01228 

G 
F 

2.06 
2.21 

10 
10.28 

11 
11,^ 

0.94 

Ctocktr'B  Special  Potato  FcrUUaet 
1916 
CbbUb  Creek 

01227 

G 

F 

3.29 
3.14 

9 
9.63 

10 
10.76 

0.B5 

*  These  letters  indicate,  mpeotively,  Guaranteed  and  Found. 
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Rwon  or  Aifu.TBBa  or  Samplib  of  FasnuiBBB  Collected  bi 
BtOHra  OP  AoKouuTUBs  Duumq  1916  (/nmtituud) 

THB    CoKNie- 

Nahb  and  Addhesb  or  MANurAcrosEB 
OB  JoBBEs;  Bband  ott  Tradb  Numb; 
Aim   LocAUTT  Whebb  Samtu  wab 
Taken 

Num. 
bcr 

PooNM  IN  100  Pomroe  or 

FEimUZEB 

Nitro- 

Phoipborioacid 

Avwl- 

Total 

Potuh 

New  Yobk,  N.  Y.  (nmltnwNO 

1916 
Rome 

6745 

G- 

O.ffi 
0.88 

8 
8.30 

9 
9.61 

1 

0.96 

Crocker-i  Wheat  and  Cwn  FcctiUMt 
1916 
Argyle 

01911 

G 
F 

2.06 
2.06 

8 
9.20 

9 
10.38 

1 
0.88 

DariiDK'H  Pride  at  Long  lalaad 
EutQuoguo 

0996 

G 
F 

3.29 
3.30 

10 
10.34 

11 
11.64 

___ 

East  India  Corn  King  1919 
Cortland 

01240 

G 
P 

2.47 
2.64 

9 
10.38 

10 
11.42 

1 
0.84 

Eut  India  Eatly  Market 
Bovina  Centra 

01677 

G 
P 

2.47 
2.43 

10 
10.93 

11 
12.29 

!IZI 

1916 

01153 

G 
F 

0.82 
0.93 

8 
8.88 

9 
10.64 

1 

0.86 

East  India  Mayflower  1916 
Cortiand 

01239 

G 
P 

1.65 
1.78 

9 
10.02 

10 
10.70 

1 
0.95 

Ewt  India  Potato  A  Garden  Manure 
New  Hyde  Park 

01734 

G 
P 

3.39 
3.62 

9 
9.14 

10 
10.42 

1 
0.98 

Eaat  India  TJiiexcdledF«rtfli>er  1916 
Bovina  Cmtre 

01676 

G 

P 

2.06 
2.04 

8 
9.00 

9 
10.16 

1 

0.86 

East  India  ViotM'  Special  1916 

01206 

G 

P 

3.29 
3.50 

10 
10.34 

11 
11.72 



Fine  Ground  Bone 
New  York 

01701 

G 
P 

2.47 
2.61 



22.88 
23.70 



Golden  Top  DriBKr 
Long  Island  City 

01738 

G 
F 

8.23 
S.34 

5 

6.08 

6 
6. 88 



Great     Ea»t«ni     Diawlved     Aoid 
FboM^ate 
Sherfoume 

01207 

0 
F 

z 

14 
14 

16 
14.86 

*  Tbeae  letters  indioate,  reqwotively,  Guaranteed  and  fVmnd. 


ogle 
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E  Comas- 


Navb  and  Addbsm  or  MANrrAcrcBEB 
OB  Jobber;  Bband  oe  Tkadi  Namb; 
AND  LocAurr  Wkibe  Sampu  was 
Takbh 

Num- 
ber 

pohndb  in  100  poundb  of 
Fbbhuieb 

Nitro- 
gen 

Avail- 
able 

Total 

Potaah 

AlIKBI<!AI(AflRtCULT[TSALCHBiaCAI,Co., 

Nbw  Yobk,  N.  Y.  (eonltnwd) 
Gre»t  BMtarn  Early  CaUnee 
Jamaica 

01727 

G' 
F- 

6.76 
AM 

8 
7.84 

9 
9.62 

1 
0.90 

Gnat  EaHtern  Garden  Bpedal  IBlfl 
Jamuctt 

01728 

G 
P 

3,29 
3.41 

9 
9.04 

10 
10,14 

1 
1,02 

Gnat  Eastern  General  1916 
South  FalUburgh 

01670 

G 
F 

0.82 
0.88 

8 
9.51 

0 
11,05 

1 
0.67 

High  Grade  Ground  Bone 
New  York 

01702 

G 

3.20 
3.57 

..     .... 

20.59 
22,03 

W*tkm» 

04W 

G 
F 

2.06 
2.13 

8 
10.63 

9 
11.33 

' 

Orchard  Park 

010S3 

G 
F 

2.06 
2.07 

8 
7.50 

9 
9.22 

' 

lAiaretto  High  Grade  TTuek  Manure 
1916 
West  Webiter 

0180 

G 

F 

2.06 
2.0S 

10 
11.38 

11 
11.98 

1.14 

Michigan  Carbon  Wka.  GeoersI  Crop 
FertiHier  1916 

6636 

G 
F 

0.82 
1.06 

10 
10.82 

U 
12.14 

0,95 

Michigui  Carbon  Wks.  Homeatead 
North  CoUins 

01882 

G 
F 

2.06 
2.09 

8 
9,10 

9 
10,64 

1,04 

Potato  4  Tobacco  FertJli»er 
Middleport 

66S0 

G 
F 

2.06 
2.14 

10 
10,78 

11 
11.88 

Milnm'e  Bison  Brand  1916 
Mumtwd 

0779 

G 
F 

1.66 
1.71 

10 
11.60 

11 
12.10 

0.66 

Mil«»n'B  Com  FotiHier  1916 
North  Comna 

018S1 

G 
F 

2,47 
2.46 

9 
10,86 

10 
11.34 

0.81 

*  TheM  lettov  indicate,  reapeotivdy.  Qui 


ilized  by  Google 


Rbpobt  on  Inspection  Wobk  of  the 


Nami  urn  AsDBEsa  of  MASuvAcruaxB 
OR  Jobbbb;  Bbjind  ob  Tbave  Nuie; 
AMD  LocAUTT  Where  Sample  was 
Taken 

Nuffl- 
btt 

FovMoa  iH  100  PomiM  or 
FteituniR 

Nitro- 
gen 

PhoMxHioadd 

Avail- 
able 

Total 

Potaih 

MUBom'B      Potato     and     Cabbage 
Manure  1916 
Albion 

6607 

F* 

0.82 
0.83 

10 
11.66 

11 
12.^ 

0.96 

Milsom'B  Potato,  Hop  &  Tobaceo 
Andoi 

01673 

G 
F 

2.06 
1.95 

a 

7.66 

9 
8.80 

2.97 

MiUom's  Soil  Enriober  1916 
Albion 

6600 

G 
F 

1.66 
1.71 

9 
10.61 

10 
11.71 

Milaom's  ^>ecial  BnfftOo  tiuano 
Asdv 

01674 

0 
F 

.82 

.87 

8 
8.08 

9 
9.38 

Milsom-B   Wheat,    Oats  A   Barley 
FertiliKT  1916 
Albion 

6606 

G 
F 

.82 
.82 

8 
9.01 

9 
10.81 

0.94 

Norlb  Weateni  Challenge  Firtiliin 
1916 
Oneonta 

0329 

G 
F 

0.82 
1.04 

10 
9.94 

II 
11.22 

1.02 

1918 
Oneonta 

032S 

G 
F 

O.ffi! 
I.IS 

8 
9.63 

9 
10.49 

0.86 

North  WMrtera  Garden  Manure  1916 
NorUi  Norwich 

01203 

G 
P 

3.29 
3.12 

9.74 

10 
10.70 

0,90 

1916 

01672 

G 
F 

2.06 
2.0* 

8 
8.64 

g 

10.04 

1.06 

North  Western  Red  Line  Fertiliier 
1916 
North  Norwich 

01302 

G 
F 

2.47 
2.05 

9 
10.04 

10 
11.04 

0.83 

1916 
WatldoB 

0448 

G 
F 

1.66 
1.62 

9 
10.15 

10 
10.83 

1 
0.86 

9,  req»ectivety.  Guaranteed  and  Found. 
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New  York  Aowcclturaj.  Experiment  Station. 


RipoKT  or  Analtbh  or  Samtub  op  Paraunas  CoLLxcran  a 

THR   CoiUtlB- 

NiMK  ANv  Adqkisb  or  Manutactiibeb 
om  Jobbbr;  Braks  os  Trade  Namb 
AMD  LocAUTT  Whbbb  Sanplb  wab 
Takih 

Num- 
ber 

Pomnm  ih  100  Povnds  of 
FERnuiaa 

Nitro- 
gen 

Av»a- 

abls 

ToUl 

Potaifa 

Amrricam  Aoricitltural  CHntiCAi.  Co. 
New  Yobk,  N.  Y.  {amtinutd) 
06otkaa  Ona»  ft  Lawn  Top  Dtm- 
■ing  1016 
Alb»^ 

01935 

F* 

3.70 
3.?2 

8 
8.96 

g 

9.51 

1 
0.61 

PxnSo  Nobaque  Onaao  1916 
Pabnyn 

0152 

O 
P 

0.82 
0.84 

8 
10.78 

9 
12.26 

1 
0.08 

PuAen  UuMxi  Superior  Acid  nia>- 
phBta 

01223 

G 
F 



14 
14.26 

15 
16.06 

z 

FMomM  Complst*  Mantin  1916 
N«w  York 

P20a 

G 

■P 

1.65 
2.05 

9 
10.32 

10 
11.00 

I 

0.84 

FMotom   G«naral  Crop  C<Hnpouud 
1916 
New  York 

P204 

G 
F 

2.47 
2.66 

9 
9.60 

10 

11 

1 
1.08 

bone  1916 
Stephentown 

01033 

O 
F 

1.65 
1.63 

9 
10.17 

10 
11.21 

1 
1.06 

Eden  Cental 

01S76 

O 

F 

1.23 
1.37 

10 
10  44 

11 
11.86 

1 
1.04 

Wetxtw 

018) 

G 
F 

0.82 
0.02 

8 
0.72 

9 
11.28 

1 
0.06 

Webrttr 

0182 

G 
P 

3,2» 
3.33 

0 
10.36 

10 
10,84 

1 
0.92 

QaiRDipiM  Mob»wk  Fcrtiliiw  1916 

01032 

G 
P 

0.82 
0.08 

10 

11.26 

11 
12.42 

1 

0.98 

0183 

G 

F 

2,06 
2.02 

8 
9.78 

9 
11.16 

1 
0.88 

Bead's  AU  Cropa  FertiliMr  1916 
Gope»haB« 

6867 

O 
F 

0.82 
1.00 

10 
10-76 

11 
12.08 

1 
1 

w  leUua  Indioata,  Tc^ieetively,  OnaraatMd  and  Found. 
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Rbpoht  on  Inspection  Work  of  *mB 
AKAifTBia  OF  flAHPLEa  or  Fkrhuzkhs  Collbitrd  bt  thb  Commib- 


NaKK  AMD  AdDKBSB  OF  MaMUF&CTCBBR 

OB  Jobbzr;  Brand  ob  TftADS  Naub; 
AND  LocAun  WmsK  Samplb  was 
Tacbn 

ber~ 

FOUNDB  IN   100  POITNM  OF 

FisnuaBR 

Nitro- 
gen 

AvaU- 
able 

Total 

Potash 

tttmd'»  Om,  Wheat  and  Rye  1916 

01167 

F- 

1.65 
1.63 

9 
9,90 

10 
11 

1 
0.93 

RtBd'a  Farm  and  GAnUm  Manura 

6747 

G 
F 

2.47 
2,37 

10 
10,66 

11 
12.10 



phate  1916 

01051 

G 

F 

2.06 
2.06 

8 

9 
9,74 

1 
0.61 

Hooper 

OlIM 

G 
P 

0.82 
0.83 

8 
8.22 

9 
9,62 

1     /• 

1 

Read's  Pkmeer  Fertiliaer  1916 
CopinhBgeQ 

6866 

G 
F 

1.23 
1.23 

10 
10,64 

11 
11,60 

1 
0,94 

Read's  Top  Notch  Mixture 
ManliuB 

01283 

G 

F 

3.29 
3.50 

10 
11,03 

11 

12,36 



itottd'a  VBgotable  and  Vine  FertiUaet 
191« 
lowille 

6868 

O 
F 

2.« 
2.46 

10.16 

10 
11.07 

1 
1.18 

Special  Cabbase  A  Cauliilower  Fer- 
(ili«erl916 
Orient 

0989 

G 
P 

4.11 
4.06 

8 
8,62 

9 
9.08 



Spedal  Cabba«a  A  CauUflowtr  Fer- 
tiliHirl916 

OBM 

G 

F 

4.11 
4.14 

8 
8.44 

9 
9.70 

Wherier'H  Com  Fertiliier  1916 
Manliua 

01284 

G 
P 

1.% 
1,77 

10 
11.06 

11 
11.84 

1 
1 

Wheeler'a   Hi^  Grade  Add  Hioa- 

0705 

G 

F 



16 
15.97 

17 
16.89 

Maoliiu 

01286 

G 
F 

ZI 

14 
14,98 

15 

16.86 



*  Theae  tetters  indiaate,  respectively,  Guaranteed  and  Fovnd. 
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OR  Jobber;  Biukd  oh  Tradb  Namb 
ANB  Locality  Wheab  Sahpix  was 
Taxen. 

Num- 

PouMM  m  100  pQVHDe  op 
Fbrhuibb 

Nitro- 
gen 

AvaU- 
Bble 

Total 

Potaah 

AMEBICANAamCUI/rUKAI.CBHUCALCo., 

Nb»  York,  N.  Y.  (concluded) 
Wheder'a  Boyal  Wheat  Grower  1916 
Maolius 

01286 

G* 

0.82 
0.84 

8 
9.12 

9 

10.34 

0.80 

Muiure  1916 
Berlin 

01930 

G 
F 

2.06 
2,07 

8 
9.66 

0 
10.62 

1 
0.00 

WilUama  &  Cbrk'a  Elk  Bniid  1916 
Berlin 

01929 

G 

F 

0.82 
1.26 

10 
10.S6 

11 
11.70 

1 
o.go 

tuiMrme 

01871 

G 

P 

1.66 
1.70 

9 

9.06 

10 
10.10 

1    . 

WiUiuna  &  Clark'i  Spedal  ProUao 
Crop  Producra- 
South  Plymoufll 

01234 

G 
P 

0.83 
1:23 

8 
8.73 

9 
10.48 

1 

0.94 

North  Greece 

0783 

G 
F 

0.82 
1.00 

8 
8.75 

9 
10.24 

1 
0.86 

Aheucan  FuRTTUKiNa  Co.,  Baiahobb, 
Md. 
10%  Acid  PhoBphkte 
Batarik 

01863 

O 
F 

— 

10 
lO.OB 

U 
11.04 

^: 

12%AddPhi>qdiftte 
BktevU 

01864 

G 

P 



12 
12.05 

13 
13.29 

— 

Eden  Center 

01877 

0 

P 

1.06 
1.16 

10 
9.70 

11 
10.78 

— 

Supapboephate 
Eagle 

6626 

G 

F 

1.66 
1.74 

10 
9.77 

11 
11.07 

iXrtry 

0778 

G 
F 

2.47 
2.28 

10 
10.06 

11 
11.66 

Ameriean  ^le  Crop  Qrower 

0760 

G 
F 

1.66 
1.83 

8 
8.17 

9.79 

2 
2,26 

*  Tbew  letter*  indicate,  reapectively,  Guaranteed  and  Found. 


DMized  by  Google 


556 


Rbpokt  on  Inspection  Wokk  of  the 


Naxb  and  Abpbiob  or  Manotactorbb 
OB  Jobbbb;  Brand  oe  Trade  Name; 

AMD    LOCAUTT    WBEBE    SaMPLB    WAS 

Takrn 

Num. 
bet 

PouMDe  IN  100  Pounds  or 
FxanuisH 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Poladt 

AhBRICAN  FEBTIUEIXa  Co.,  BAi;nMOKI, 

CompouDd 

0771 

0* 
F* 

1.65 

1.65 

12 
12.26 

13 

14.21 



S^agvmti 

6682 

0 
F 

1.66 
1,75 

8 
9,08 

9 
10.90 

3 
2.82 

American  Fish  ft  Bone  Cooqwund 
Indurtry 

0777 

G 
F 

1.65 
1.71 

8.60 

8.89 

9.60 
10.49 

1 
0.86 

American  Fidt  ft  Bon«  CMnpouod 
Revised 
AiniUa 

01288 

G 
P 

1.65 
1.66 

8.50 
9.04 

9.60 
10.92 

1 
0,98 

Americui  F^sh  and  Bone  Bpedal 
RusbviUe 

0772 

G 
F 

1,65 
1,80 

U 
11.46 

12 
12.88 

HH 

Amuiean  Grain  ft  Gratt  Amnumi' 
BemuaP<MBt 

01899 

O 

F 

0,83 
1.76 

12 
14,16 

13 

16,55 

z 

Antericuk  OnuD  ft  Oian  Grower  Re- 

viaed 
EdenCenttf 

01878 

G 
F 

0,82 
0,86 

g 

8.44 

JO 
10.52 

1 

1.12 

phate 
Sherbimie 

oiare 

G 
F 



18 
16.48 

17 
17,04 



Ameriean  Reliable  Guano 
DaoBviUe 

0758 

G 

F 

0.83 
0.93 

8 
7.70 

9 
9,52 

1 

1.24 

Ammoniated  Bone  Compound 

NHplea 

0774 

O 
F 

0.82 
1.00 

8 
9.28 

9 
10.78 

2  - 
1-70 

Springville 

6683 

O 
F 

— 

14 
15 

15 
16.62 



High  Grade  Add  Fboqihate 
Avoca 

0300 

G 
F 

m 

14 
15.19 

16 
16.29 

— : 

*  Tbese  letteto  indicate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


Ntcw  York  Aqricui/tural  Experiment  Station. 


Name  and  Addrbss  op  MANurAcruREH 
OB  Jobbek;  Brand  or  Trade  Nane; 
AHD  LocAUTT  Wbere  Sample  was 
Taun 

Num- 
ber 

PoVNDS  IN  100  Pounds  op 
FcicnuiEB 

Nitro- 
gen 

PhoapborieRdd 

Avail- 
able 

TotiJ 

Poteah 

Steamed  Bom 

6626 

G* 

2.84 

^ 

24.04 

=r 

Abhodb  Fkrtiuub  Wokkb,  Baiahiook, 
Md. 
Annour'a  lJ-9 
BoonviUe 

6851 

G 
F 

1.23 
1.23 

9 
9.28 

9.50 
9.87 

^ 

Armour-a  2-8-1 
Homer 

01171 

G 
F 

1.66 
1.48 

8 
8,29 

8.50 
9,09 

1 

0,97 

Armow'B  2-11 
Lockport 

6615 

G 
P 

1,65 
1.80 

11 
10,90 

11,60 
11.70 



Anaour'8  2.50-8-1 
Blin 

6627 

G 
P 

2.06 
2.07 

8 
7.78 

850 
9,42 

1 
1,24 

Armour's  3-8-1 
BetKon 

oisn 

G 

r 

2.47 
2.63 

8 
8.02 

8,60 
8,72 

1 
0,91 

Annour'»4-8 
Hsmpriead 

01736 

G 

F 

3.29 
3.12 

8 
8.04 

8,50 
8.84 

"" 

Armour'i  4-10 
Lockport 

6S14 

G 
P 

3.29 
323 

10 
10,19 

10,50 
10.94 

IZI 

Armour'a  5-4-1 
Coming 

0744 

G 
F 

4.11 
3.8S 

4 
5.07 

4,60 
5,93 

1 

1,14 

Annour'B  5-10 
Mineola 

01739 

G 
F 

4.11 
4.27 

10 
10,64 

10.50 
11,06 



Anoour's  Add  PhoephMe  Fatilijmr 
Homer 

01170 

0 
F 

— 

16 
16,92 

16-50 
16,94 



Annow'*  Grain  Growtr  Fertilin* 
Bameveld 

672a 

G 
F 

1.65 

1.66 

8 
7,71 

8.50 
8.19 

2 
2,00 

Armour's  Obbiuc  Qiuiio  Fertihter 
Yonkew 

01968 

S 

2,25 
2.20 

4.62 
5,78 

5.50 
0.40 

"   '  ' 

*  Thew  letters  iodicate,  reflectively,  Guwanteed  and  Found. 


Diciilized  by  Google 


Kbport  on  Inspection  Work  of  the 


THE    CoHMtS- 

Name  and  ADDResa  or  Manutacturkr 
OR  JoBBEs;  Bband  oh  Thadk  Nahb; 
and  locautt  wmsb  sample  was 
Taken 

Num- 
ber 

Pounds  in  100  Pomnw  or 
Fertilizer 

Nitro- 
gen 

Phoepborioadd 

Avail- 
able 

ToW 

Potudi 

Md.  (conelwUdj 
Homer 

01169 

G* 

— 

14 
13.78 

14,50 
14 

:^ 

Aimonr'a  Wlieati    Corn    and   Oat 
Spedal  Fertiliier 
Chateaugsy 

5272 

Q 
F 

0.82 

08e 

7 
7-06 

7.50 
7,60 

1 
1  06 

Bone  Meal 
Avon 

0789 

G 
F 

2.47 
2.67 

' 

22 
22,04 

" 

Ground  Tankage 
Yonkert 

01966 

G 

F 

4,93 
4.91 

13,74 
14,90 

' 

Nitrate  of  8oda 
Kneldand 

01991 

0 

F 

14.81 
15.45 



'. 

Raw  Bone  Meal 
EdonCniter 

01875 

G 
F 

3.70 
3.91 



21,50 
24,20 

'" 

Raw  Bwie  Moal 
Yonkew 

01970 

O 
F 

3.70 

3.90 

^^ 

22 
24,52 

' 

UORE,  Md. 
Atlantic  One  Eight  Naught  Brand 

673S 

G 

F 

0.82 
0,92 

8 
7.76 

8,76 

rr 

AUantio  Two  Ten  Naught  Brand 
BridjiewBter 

6737 

G 
F 

1.66 
1.87 

10 
8.50 

9.70 

— 

Atunhc  pACKtNO  Co.,  Stkacdbb,  N.Y 
Atlautio  Animal  Brand 
Brocton 

6633 

0 
P 

2.46 
2.65 

11 
10.81 

12 
13.50 

= 

Atlantic  Gardoi  and  Truck  Manure 
Brocton 

6634 

O 

F 

3.28 
3,20 

11 
11.38 

12 
12.54 

. 

Atiautic  GraOB  A  Grain  Brand  for 
Lyons  Falls 

6S54 

G 

F 

0.82 

0.87 

11 
11.14 

12 
11.30 

z 

*  Tbcee  )etten  indicate,  rMpectively,  Guaranteed  and  Found. 


ilized  by  Google 


Nbw  Yobk  Agricultural  Expeoiuent  Station. 


RiroRT  or  Anutses  or  SAUPLas  or 

BIOHBB  OF   AoBICUI/rUIU 

DoRiNO  1916  {ctmHnwO) 

THB    COMMIB- 

Nuifi  AND  Addrbbs  op  Mahupactuiikii 

AND    LOCAUTT    WbBHB    SaMPLX    WAB 

Takbh 

Num- 

Pounds  in  100  Pounds  di- 
Febtiuur 

Nitao- 
gen 

Phoqihorieuid 

AvaU- 
abb 

Total 

Potaab 

Atlamtic  Packino  Co.,  Sibacdm,  N.  Y. 

AtlMktio  Ground  Brae 
Brocton 

6635 

G' 

2.45 
2.93 

— 

23 
22,73 

^^ 

Atlantic  Higb  Grade  Potato 
ftvoton 

6632 

G 
F 

2-87 
2.92 

10 
10.26 

n 
11 



Atlutio  ReUable  Brand 
Jordu 

01300 

a 

F 

1.64 
1,93 

8.88 

10 
9.70 



AtUntio  Superior  Brand 
LycoalUlB 

6856 

G 
F 

1.24 
1,35 

10 
9.86 

11 
10,06 

■ 

Atlantio  V«get>ble  Brand  fin-  O^ 
Cabbage  and  Potatoea 
Nwth  Norwich 

01197 

O 
P 

2.06 
2.08 

11 

11.60 

12 
12,10 

~ 

Badoh  a  Sons  Co.,  PmLAi>ELrmA,  Pa. 
Bau^'B  16%  Add  Pho^hato 

01154 

a 

F 

- 

16 
16-83 

16,09 

=1 

phate 

075a 

G 
F 

02 
21 

10 
10-37 

11.89 

z 

Bsuj^'B    AtuuoiiiAled    Supnpboe- 
phate 

01273 

G 
F 

03 
12 

10 
..76 

11,38 



Baugh'a  ADimal  Base  and  Potuh 
McDougaU 

01337 

G 
F 

66 
81 

9 
8,30 

12-10 

1-18 

Baugh's  Corn  and  Data  FertiUaer 
IVoy 

534» 

0 
F 

65 
81 

10 
10.44 

13,18 



Baugh'i  Cwn  *  Oata  Fa-tUiwr 
Eaienville 

01655 

G 
F 

65 
ffi! 

10 
lO.ffi! 

12,74 



Baugh'B  ExmUm  Guano 
Werttown 

01986 

G 
F 

02 
07 

10 
10,86 

12.90 

1.08 

*  Then  letten  indloate,  n^tntivaiy.  Guaranteed  and  Found. 


ilized  by  Google 


Repobt  on  Inspbction  Wobk  op  thb 


Rbpobt  of  Analtbe*  oi-  SAHrLBs  of  Fsbtiuibm  Coluictmi  bi  ihb  Comiis- 
BtOHBK  or  AoBicniTDU  Duhino  1916  (eonHnutJ) 

Nahb  and  Addhhs  o>  MAm;»AtrrOB»B 
OB  Jobbbb;  Bkand  ob  Tbade  Nun 
AMo  LocAurr  Whbbi  Suipub  wab 
Tamm 

Num- 
ber 

Fbhuueeb 

Nitro. 
gen 

Pho^hMioadd 

Avail- 
abfe 

Total 

FUtaah 

Baooh  a  Sons  Co.,  Phiiadblphia,  Pa- 

Baugh'B  Bxpw^  B«i«  with  Pot»d> 
McDougall 

01338 

G* 

F* 

1.65 
2. OB 

8.17 

11 
12.13 

1 
0.95 

Baurfi'B  Fine  Ground  Bono 
BinghamtoQ 

01167 

G 
F 

2.47 
2.97 

.. 

16.49 
16.59 

'■ 

Baugfa's  General  Cnn)  Grower  for  all 
Bioghamloa 

01156 

0 
F 

0.^ 
0.84 

8 
8. OB 

9.64 

1     . 
1.10 

BMigh't  Half  A  Half  Mixture 

01254 

G 
F 

1.23 
t.40 

__. 

19 
10  06 



Baugh'B  High  Grade  Add  Phosphate 

0443 

0 
F 

zz 

14 
14.88 

15.76 



Baugh'8  Hi^  Grade  Add  Phosphate 

01217 

G 

F 

zz 

14 
16.57 

17.37 



Animal  Bsae 
TrumanabuTK 

01295 

G 
P 

3.30 
3.16 

10 
9.06 

i^ 



Animal  Ba«9 
Blleaville 

01664 

O 
F 

3.30 
3.78 

10 
11.26 

13.70 



Baud's  High  Gntde  Potato  Grown' 

0444 

G 
F 

3.30 
3.28 

8 
9.54 

10!s6 

1 
0.99 

Baud's  New  Pracen  10%  Guano 
Hoonck  Falls 

01928 

G 
P 

8.23 

7.17 

6 
6.78 

10 
7.82 



BM«h's  Pemoanla  Grain  Producer 
Benton 

0106 

G 

F 

0.82 
0.92 

9 
8.16 

10.82 



Baud's  Potato  and  Truck  Spedal 
for  all  truck  crops 
Irondequdt 

0445 

G 
F 

2.88 
2.79 

10 
10.52 

11.42 

1 
1.14 

*  These  letters  indicate,  reepectlvely,  Guaranteed  and  Found. 


ilized  by  Google 


N£w  York  Aobicultural  Experiuent  Station.         561 

B  CoMHIfi- 


Namb  AMU  AsKBxaa  of  Manvtactubbr 
OK  Jobbbk;  BmAMD  ob  T^adk  Nauk, 

AND    LOCAUTI    WrEHB    SaMFU    WAS 

Taun 

w' 

POUNM  IN    100  FODNDB  OF 
FEBKUtKB 

Nitro- 
gen 

PhoflidKnioacid 

Avwi- 
able 

Total 

Fota^ 

Bauor  a  Sons  Co.,  Pbhodblphia,  Pa. 
Baugh-B    Pun     Dinolved    Animal 
WUUaZod 

0188 

F* 

2.06 
2,08 

13 
14.16 

16 

— 

Bbu^-s    Puni    DisBolved    Animal 
Boata 
Waittown 

01988 

O 

F 

2.09 
2.23 

13 
14.16 

16 

z 

Buigh's  Pure  StMUMd  BotM 
SeneuFalU 

01304 

G 
P 

i.66 
1.37 



26 
28.64 

I^I 

BMigh-s  lUw  Bone  Mnl 

0440 

G 
P 

3.70 
3.76 



21.60 
20,62 

^z 

B&ugh'B  Special  Potato  Manura 
Weattown 

01987 

? 

1.66 
1.67 

10 
11.03 

12.87 

1 

1.12 

AninuaSaw 
BiiiKhainton 

01155 

G 
F 

I.«5 

1.90 

12 
12.63 

14.6: 

~ 

Animal  BaM> 
Locke 

01265 

G 
F 

i.65 
1.78 

12 
11.89 

14.41 

— 

Baugh'i  Trucker's  Favorite 

01296 

G 
F 

2.47 
2.51 

10 
9.73 

10.92 

— 

Baugh'B  Trucker's  Favorite 
EnenviUe 

016S6 

O 
F 

2.47 
2.47 

10 
10.69 

13.11 

— 

Baugh'B  Truckage  Favorite 
SchuylerviUB 

01913 

0 
F 

2.47 
2.47 

10 
9.94 

11.72 

— 

Baogh'a  Trucker's  Favorite 
Mooioe 

01978 

G 
F 

2.47 
2.46 

10 
9.62 

11.62 

— 

F!ne  OiDUnd  Blood 
BochntcT 

0199 

G 
F 

9.88 
8.23 





zi: 

Fine  Ground  Blood 
BinghamtoD 

01218 

G 
F 

9.87 
9.89 





im 

*  Theaa  letters  ladicate,  req>ectivaly,  Guaranteed  Md  Found. 


Repobt  on  Inspection  Wobk  op  the 


NaMB  AMD  AdDRMS  Of  MADUrACTUMIR 

OB  Jobbbr;  Brand  or  Tradb  Nam 

AND    LOCAUTT    WiUtRII    SAMFLB    WAg 

Taxbn 

Num- 
ber 

PovNDa  IN  100  PouNM  or 
Fertiuzbk 

Nitro- 
gen 

Ptioflphorieadd 

Avail- 
able 

Total 

FotMh 

Bauqh  a  Sons  Co.,  Fhii.ai>£i.pbia,  Pa 
C«wrf«<tod) 
High  Grade  Taokag« 
OtHdda 

012S1 

a* 

7.40 
6.69 

=z 

4 

10.13 

^: 

Nitrate  of  6od& 

0443 

G 
F 

15.23 
15.68 

— 



— 

Nitnte  of  8od& 

01219 

G 

F 

15.23 
15.34 

— 



z~ 

BiHO  Coupant,  The,  Philadbu-hia,  Pa. 
&«('>  Aoimal  Bone  A  Mwt 
OniBing 

0196S 

0 
F 

3.30 
3.70 

^ 

17 
16.94 

^z: 

Berg-a  Raw  Bme  Fiiw 
O-iniw 

01964 

G 
F 

3 
3.40 

— 

22 
18.85 

— 

Conn. 
AtUb^ 

01981 

G 

F 

0-80 
1.2S 

8 
8.64 

9 
9.00 

— 

Bwkflfain  Dry  Giound  FUi 
ArBnstou 

01982 

G 

F 

8.23 
8.29 



6 
6.36 

— 

Berkahire  Long  laluid  SpeoUl 

01985 

O 
F 

3.30 
3.53 

8 
8.92 

9 
9.04 

2 
3 

Berkahire  Market  Gardea  FertUIier 

01984 

O 
F 

3.30 
3.77 

8 

7.78 

9 
8.02 



Berkahire     FoUto     and     Vegetable 
ArUngton 

01083 

G 

F 

1.70 
1.81 

8 
7.60 

9 
8.14 



Bvkdiire  Root  FertiliMT 
Greonlawn 

0966 

0 

F 

2.50 
2.85 

8 
8.57 

9 
8.91 



Bwkriun  Root  FertiliMT 
Ariington 

01980 

G 
P 

2.60 
3.30 

8 
B.96 

9 
11.27 



*  Thew  tetten  indicate,  reapeetively,  Guaranteed  and  Found. 


ilized  by  Google 


New  Yobk  Agmcultubal  Experiment  Station. 


RapoRT  OF  Amaltbw  or  Samplm  or  FsatiuiBRS  Collboibb  bi 

1B1  COHVIB- 

Name  amd  Address  or  Mju<tirAC:ruREii 
OR  Jobber;  Brand  or  Trade  Naub; 

AND    LOCAUTT    WmRB    SaMPIB    W48 

Taeen 

Num- 
ber 

Pounds  ik  100  Potopb  or 
FBRMuan 

Nibo. 
gen 

Avail- 
able 

Total 

F^itagb 

BoWCEft    FERnUtBR    Co.,    NlW    YORX, 

N.  Y. 
CaMJle 

018«9 

0' 

p* 

__. 

16 
16.94 

17 
16.60 

__ 

Bowker'i  AD  Round  FertiliKir  1916 
■Fort  Heory 

01910 

G 

F 

2.06 
2.11 

10 
10.10 

11 
11.19 

1 
0.92 

Flowas 
Rocheetw 

0160 

G 

F 

2.47 
2.62 

6 
S.46 

7 
7.50 

2 

2.69 

Ruiport 

0153 

0 
F 

1.65 
1,77 

12 
12.10 

13 
14.30 



1916 
Bedford  Hills 

oies4 

G 
F 

1.65 
1.70 

10 
10.49 

11 
12.09 

1 

1 

Bowker-i  F^eeh  Ground  Boae 
Huntington 

oMa 

0 
P 

2.47 
2.48 

zz 

22.88 
25.34 

Bowker's  Reah  Ground  Bone 
BedfMdHillR 

0196S 

G 

F 

2.47 
2.48 

__ 

22.88 
25.66 

. 

Bowker'B  Hill  and  Drifl  Pho»ph»te 
1916 
Fulton 

6872 

G 

P 

2.47 
2.46 

9 
9.64 

10 
10,64 

I 
0.72 

Bowker's  Lawn  and  Gsrdsn  DrOBOiig 
1916 
RocbMtw 

0162 

G 
F 

4.11 
4.20 

8 
12.21 

9 
19.61 

I 

0.98 

HunHn 

0780 

G 
F 

1.65 
1.85 

10 
lO.M 

11 
11.84 

1 
0,83 

Castile 

01868 

G 
F 

~ 

14 
14.22 

15 
16.08 



Fairpott 

0156 

G 

F 

0.82 
0.83 

8 
10.68 

9 
12.16 

i 

0.90 

*  ThcM  letten  indicate,  req»oetiv«ly,  Guaranteed  and  Found. 


ilized  by  Google 


Keport  on  Inspectiun  Wosk  of  the 


Nahi  and  ADDBcas  or  MjunntAimjaxn 
OB  Jobbeb;  Brand  ok  Tbjldb  Namb; 
AMD  LocAUTT  Wa«RB  Sampix  wab 

Num. 

PouNDfl  iif  100  Pomraa  o» 

FlBTIUCBB 

Nltn^ 

Pboiphoricadd 

Avail- 
able 

Total 

PMaah 

BowxBB  Febtiubir  Co.,  Nbw  Yobk, 
N.  Y.  (ootidudedi 

Ftoport 

0151 

G* 
F* 

0.82 
0.80 

10 
9.90 

11 
n.28 



Bowker'B   SuperptiiMphBte    with 
AiniiiDiiMl% 
Maina 

01222 

G 
F 

0,82 
1.00 

10 
9.96 

11    ■ 
11.12 

z 

Ammonia  2% 

Attica 

6605 

G 
F 

1.65 
1.64 

10 
9.97 

11 
11-45 



Bowker'a    Superahoaphite   witli 
Ammonia  3% 

5326 

G 
F 

2.47 
2.41 

10 
9.96 

11 
11-28 



Bowker'a     SuperphoBph&te    with 

Ammonia  4^ 
Fulton 

6874 

O 
F 

3.29 
2.98 

10 
10.46 

11 
11.42 

~ 

Ammonia  5% 
Riveifaud 

0960 

G 
F 

4.11 
3.80 

8 
8.34 

9 
9.62 

zz 

Bowksr'B  Sure  Oop  Phoq>hate  1916 

Stillwater 

0190Q 

G 
F 

0.83 
0-96 

10 
10.91 

11 
12.31 

I 

0-93 

Coipenter'B  Taiilug« 
Elmira 

0150 

G 
F 

8.57 
6.87 

= 

693 
10.61 

:rr 

Cam  4  Co.,  Inc.,  A.  H.,  Bottau),  N.  Y. 
EzcdBor    Braad    Fulvcmed     Hg 
Manun 
North  CoUina 

01884 

G 
F 

1 
1.65 

1 
1.86 



I 

1 

Exoridv    Brand   Pulveriied   Sheep 
Manure 
Dunkirk 

6601 

G 
F 

1 
2.10 

0-87 
1.61 

1.77 

1 

'  These  lotteTB  indicate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Aobicpltubal  Expebihent  Station. 


RnOBT  or  Analtbu  or  aAHPUB  or  Pbbtiuubb  Colliotwi  b 

TBB  GomuB- 

Nau  un>  AvDRZBS  or  MAMurAcruraB 
OB  Jobbib;  Bkand  ob  Trade  Namb, 
AND    LOCAUTT    Whebb    8AlirLZ    wab 

Num. 

ber 

PonMoa  IN  100  PonmM  or 
Fbbiiusbb 

Nitro- 
fen 

Pha^>horioaeid 

Avail- 
able 

T.W 

PotMh 

Cbhtbal  Chbhicai.  Co.,  Tboiub  Febt. 
Wm.,  Haobbstowit,  Md. 
G  C  G  Dindved  Bone 
Fraerille 

01184 

F* 

2.0G 
2.12 

13 
11.92 

14.32 

^^ 

C  G  G  Dianlved  Bone 
Hay  Vb  C(^bb 

01259 

G 

F 

2.05 
2.10 

13 
11.96 

14.62 



G  C  G  Diawlvad  Phoopbate 
0w«K0 

01160 

G 
F 



14 
14.53 

14.85 



G  G  G  Diaolrad  Phoqthato 
Nieholi 

01163 

0 

F 

zz 

16 
16,14 

16.62 



C  C  C  Fiah  Bone  Compound 
Hayt's  Cornen 

01281 

0 

F 

1,25 
1.24 

10 
10.01 

11.25 



C  G  G  Golden  Sheal 
PeimVaa 

0102 

G 
F 

0.82 
1.10 

8.28 

9.44 

1 
1.12 

C  C  C  Pkotcn  Mixture 
PennYu 

0191 

0 

F 

1.65 
1.68 

10 
9.M 

10.88 

1 
1.20 

C  C  C  Pride  of  the  Valley 
Owego 

01159 

0 

F 

0,82 
1.00 

10 

9.89 

10.69 



G  C  C  ^«cial  B<me  Mixture 
KeudBia 

01256 

O 
F 

1.65 

1.80 

10 
9.30 

11.12 

C  C  0  Truck  Special 
HayfB  Gontcn 

01200 

G 
F 

2.50 
2.46 

10 
10.04 

10.98 



Chbuical  Pbobucm  Co.,  Scbamtok,  Pa. 
Special  Potwfa  Adi 

01902 

0 
P 

— 

z=z 

3.10 
2.79 

0.46 
0.76 

Chittendbn  Co.,  Thb  &  D.,  Bbidoe- 

POBT,  GOMS. 

Chittenden's    High    Grade    PoUto 
without  Pota^ 
M»ttil«ck 

0981 

G 
F 

4.12 
4.15 

10 

10 

11 
12. tS 



e  lettoB  indicate,  r'npedivdy.  Guaranteed  and  Found. 


,t„db,  Google 


REPoaT  ON  Inspection  Work  of  the 


Rbport  or  Analtbu  of  Buipub  or  FniiTmiERs  Collkotkd  bt 
HONXS  or  AoBiccimTRi  Dubiko  1916  (c(in(tnu«<f) 

THE   Comis- 

Unix  AND  ADsitase  o*  MANimcTCBn 
oa  Jobbbb;  Brand  ob  Tbadb  Name 

Num- 
ber 

Pounds  in  100  Pomnw  or 
FamuzxK 

Nitro- 
gen 

AvaU- 
able 

Total 

Potaah 

Chittbhdbh  Co.,  Thm  E.  D.,  Bridoc- 

Chittsnden'B  Potato  BptoM  without 
PotMh 

MAttitUCk 

€080 

G" 
F* 

3.29 
3-27 

10 
9.77 

11 
11.37 



Vagetrtle  A  Onion  Growir  without 
Pot^ 
Ewlport 

0990 

G 

F 

2.47 
2.4S 

10 
8.07 

U 
12.61 

z 

Clabk  a  Son,  0.  W.,  Buttalo,  N.  Y. 
CUrk'e  Velvet  Lawn  F«rtJliier 
Buffalo 

0644 

G 
F 

2.47 
2.66 

6 
8.26 

9.07 

1 

2.90 

Plant  R>od 

6643 

O 
F 

3.50 
4.32 

7 
8.02 

Tot 

6 
7.62 

COE-MoftnuB  Co.,  The,  New  Yohx, 
N.Y. 
B.  Frank  Coe's  Columbian  Com  and 
Potato  FertiHier  1916 
Hunilton 

0119S 

G 
F 

1.23 
1.24 

10 
10.08 

11 
11.22 

0.98 

E.  Frank  Coo'a  Cotb  King  1916 
Delhi 

01678 

G 
F 

2.06 
2.3S 

10 
10.73 

11 
11.56 

1 
0.80 

K     Frank    Coe'a    Gardenaa    and 
Tnickers  Special  1916 

01936 

0 

F 

4.11 
4.09 

8 
8.43 

9 
9.76 



E.  Frank  Coe'a  Gold  Brand  Excdmor 
QuanolQie 
Myew 

01329 

G 

F 

2.47 
1.76 

9 
10.32 

10 
11.44 

I 

1 

E.  Frank  Coe'a  High  Grade  Ammo- 
Amenia 

HOS 

G 
F 

2.47 
2.69 

10 
10.62 

n 

12.06 

z 

E.  Frank  Coe'a  High  Grade  Soluble 
Phoq>hate 
Batavia 

01860 

G 
F 



14 

u.a 

16 
14-92 



*  These  tetters  indicate,  reepeoUvely,  Guaranteed  and  Found.  / 


ilized  by  Google 


New  York  Agricultural  Experiment  Station. 


RKPon  OF  Ahaltbcb  or  Sahplu  ov  Pebtiukibs  Coixbotid  bi 
BioKER  or  AflBicuuruBE  DuBiMO  1916  (eonltnuerf) 

™b  Cohu»- 

Naiib  AMD  AnitasaH  or  MAirurAcrcnxB 
OB  Jobbsh;  Brand  or  Traiik  Nahk 
AtiD  LoCAUTt  Whbm  Bamplb  wab 
Takrn 

Num- 
ber 

PODTOS  IN  100  POUNM  or 
FKimUERB 

Nltro. 
gen 

Phoapborioaeid 

Avail. 

able 

Total 

PotMb 

Co»-MoRniiTO  Co.,  TBI,  Nbw  Yori, 

B.  Fraak  Coe's  Moroa  Top  Dkmst 
1916 
CartloCrM^ 

01220 

G' 

8,23 
8.«2 

5 

5.75 

6 
6.^ 

1 

t.oe 

E.  Prank  Coa'a  Uoroo  Top  Dnsser 
without  Potoah  1916 
Glaverack 

01093 

G 

F 

8.23 
fl.OO 

5 
5.95 

6 
6.66 

E.  Frank  Coe's  New  Englandv  Spo- 
CUJ191S 
Hamilton 

01199 

G 

P 

0.82 
0.90 

8 
9.58 

9 
10.84 

1 

1.10 

BaUvia 

01858 

G 
F 

1.65 
1.8* 

10 
10.06 

U 
11.33 



E.  ftank  Cotfa  ProMo  Crop  Pro- 
duoei  1916 

01201 

Q 
F 

3.29 
3.32 

10 
10.26 

U 
11.68 

Wyonring 

01866 

G 

F 



10 
16.62 

17 
17.08 



E.  fVank  Coo's  Vmverui  Fcrtiliwr 
1916 
McLean 

01319 

O 

1.65 
1.74 

9 
9.87 

10 
10.99 

1 

0.82 

Batavia 

01858 

o 

F 

0.82 
1.00 

10 
9.61 

U 
10.26 

z 

E.  Fnak  Coe'a  XXX  Flue  Ground 
Bone 
Hemloek 

0792 

C 
F 

2.47 
2.62 



22.88 
22.90 

z 

nne  Ground  Bone 
Fmmore 

a- 

G 
F 

2.47 
2.48 

1  22.88 

1  26 

— 

Hi^  Grade  Dried  Bkiod 
»lv(r  Creek 

6640 

0 
F 

9.87 
9,88 

.— 



— 

*  Theoe  lettflfs  indioate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


Report  on  Inspection  Work  op  the 


Naiu  aho  Addrbbb  op  MjumPAcrnRER 
OR  Jobbcr;  Brand  ob  Tkadb  Naui' 

Taipm. 

Num- 
ber 

PoDNDe  IN    100  POONM  OF 

Febhuwr 

NilOH 

gen 

Pboaphoricadd 

Avail- 
able 

Total 

Potash 

CoLUHBU  Guano  Co.,  Baitiiiobb,  Md. 

5328 

~ 

14 
14.58 

14.50 
15.06 

— 

Cotuinbis   High   Grade    16%    Aoid 

6331 

0 

P 



16 
16.23 

16.50 
16,81 



*,ESte'"° 

5330 

G 
F 

3.29 
3.21 

8 
8.22 

8.50 
10.42 

— 

5320 

G 
P 

1.65 
1.85 

10 
11.44 

10.60 
11.98 



01297 

0 

F 

0.82 
0.88 

10 
10.08 

10.50 
10.80 

iduMphate 
Port  ByroD 



Columbia  WhMt,  Com  A  Gtms  ^h»- 
dal  Fertiluer 

•5327 

G 
F 

0.82 
1.12 

8 
8.24 

8.50 
8.04 

1 
0,91 

Nbw  Yoai,  N.  Y. 
Coamimtn  High  Or«d«  Add  Phos- 
phate 
CortlHid 

01186 

G 

P 

— 

16 
16.32 

17 
16.62 



Conaunm   Pure-Sura   Add    Phos- 
phate 
Cortland 

01185 

O 
P 

z 

14 
15.09 

15 
15.33 

z: 

Bone  Pboq)hftte 

01225 

G 

F 

1.65 
1.73 

10 
10.40 

11 
11.73 

— 

CartUod 

01188 

G 
P 

1.65 
1.87 

12 
12.68 

13 
13.98 

— 

*  TbMS  letters  indicate,  rcapectively.  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Agriculturai.  Expebimbnt  Station. 


Rbtoht  or  Analibbs  or  Sahtlbb  or  pBRTiunas  Coluctcd  b 

TBX    COHMIS- 

Namb  ahd  Addbbbb  or  MAMurAtTrumiii 
OB  Jobbbb;  Brand  ob  Tbadb  Naub; 
AND  LocAUTT  Whubb  SAjirLr  wAa 

Num- 

bO' 

PouNM  IN  100  PouNM  or 
Pbrtiuckb 

Nitro- 
gen 

Phoeiduiricadd 

Avaa- 
able 

Total 

Potash 

CoHSUiaiBS      ChBHICAL      CoBPOBAnON, 

New  YoEi,  N.  Y.  (conduced) 
table  (with  1%  Potwh) 

01189 

a* 

F* 

2.47 
2.M 

8 
8.49 

9 
9.77 

1 
1.46 

table  (without  Potaidi) 

ous: 

G 

F 

2.47 
1.98 

10 
9.76 

11 
12.59 



Consumen  XXX  flab  A  Potub  Mix. 
ture 
CMtland 

01190 

Q 
F 

1.65 
1.82 

8 
10.00 

9 
11.13 

1 
1.08 

(without  Potfwh) 
HuToTd 

01224 

G 
P 

4.12 
3.02 

10 
9.30 

11 
11.16 

z 

DAT.  Mbs.  R.  WmTB,  Abunoton,  N.  Y. 
Pure  Bone  &  Meat  F<rtili»r 

01976 

G 
F 

2.80 
2.40 

— 

10 
15.88 

z:z 

Dou>  Pacxinq  Co.,  Jacob,  BxnxAiX), 
N.  Y. 
Ddd  QnaUty  Bone  Meal 
Saralogft 

01906 

O 

F 

2.47 
2.90 

= 

23 
23,27 

— 

Md. 
Ekiterprise  Cbampioa  FertiliMC 
Weedsport 

01303 

G 
F 

1.6S 
1.67 

10 
10-38 

11.24 

:^ 

EkiterpriHe  Ea^e  FertiliMr 
WeedBport 

01301 

G 
F 

0.82 
0.86 

10 
10.06 

10.52 

— 

EntarpriBe  14  Per  Cent  Add  Phos- 
pbste 
New  BerUn 

01233 

G 
F 



14 
13.28 

13.38 

— 

NewBer&n 

012^ 

G 
P 

zz 

16 
15.06 

15.18 

zzz 

Ent^riae  Vicbv  EVtUiMr 
WeedspoTt 

01302 

G 
F 

2.47 
2.60 

10 
10.27 

11.25 

zzz 

*  ThcM  letters  indicate,  respectively,  Guaranteed  and  Pound. 


DMized  by  Google 


Report  on  Inspection  Work  op  the 


Nahb  and  Asducw  or  Mjjiupadtubbr 
OB  JoBBiKi  Brand  or  Tradr  Nake 

AND    LOCAUTT    WhBRZ    SaMTLE    WAS 

Tamw 

Num- 
ber 

PODNDB  IH   100  PoDNH  Ot 

FBnnuDR 

NitK>- 

gen 

RHMpborioaoid 

Avaa- 
aUe 

TohJ 

Potarii 

Frdbsai-Chskiciu.  Co.,  Inc.,  Columbia 
Tia«. 
D^break  TemuwBe  Brown  Phos- 
phate Rock 
CoDkHn 

01208 

— 



20.75 
27. e 



N.Y. 
Oarbase  Taduge 
Batavia 

6680 

G 
F 

rw 

^^ 

4.99 

0.28 

GoDMLiT  C(>Opi»A'nvB  Fan.  k  Chui. 

ICAL  Co.,  N«WARX,  N.  J. 

Godfr^'i  ^y  PoUto  MizUm  Be 
■vwed 
HickBviUe 

0951 

O 
F 

3.20 
3.04 

10 
10.38 

10.50 
10.92 



Godfrey'*  High  Grade  Market  Gar- 
Am  Muure  4-S-l  lUviMd 
Hieknine 

0053 

G 
F 

3.2ft 
3.31 

8 
8.05 

8.50 
8.6S 

1 
1 

Gadfrey'a  VoUia  A  Truck  Mixture 

0952 

Q 
F 

4.11 
3.82 

10 
10.21 

10.50 
10.77 

i: 

GRiriTni  A  Botd  Co.,  Baiaiiiorr,  Md. 

Bone  Pbosphate 
Venice  Center                            1  01310 

0 
F 

1.66 
1,66 

8 
9.27 

10.63 

1 

0.96 

Otlffilb  ft  Bc^  Co'a  Cenul  Plant 

Aurora                                       ^  01328 

G 
P 

0.82 
1.00 

8 
8.21 

11.61 

1 
0.92 

CMffitb  ft  Boyd  Co'B  n>h  ft  Bcme 
Mixture 
Venice  Center 

01308 

G 
F 

1.46 
t.61 

7 
7.36 

g 
7.88 

z 

Griffith  ft  Boyd  Co'a  Fidi  Bone  ft 
Potaah 
Venice  Cmter 

01306 

G 

F 

1.50 
1.68 

7 
7.56 

10.56 

1 
1 

*  Theae  letters  indicate,  reepectirdy,  Guaranteed  and  Found. 


ilized  by  Google 


New  Yobk  Aqbi  cultural  Exferiubnt  Station. 


Report  or  Aniltbib  or  Samplh  or  Fertiueirb  Coluctbd  b 
BioMBR  or  Aatucwnnm  DvBiira  1915  (wn(tn«sd) 

T  -na  CoKMiB- 

Naub  and  Addbebs  or  MjUiutacfckir 
OR  Jobbbr;  Brawp  ob  Tradb  Namb 

AND    LOCAUTT    WbZRB    g  AMPLE    WA8 

Taum 

btt' 

Pooiwe  iM  100  PounBB  or 
PnmuBKR 

gen 

Aviil- 
aUe 

Total 

Potaah 

GBimiH  A  BoTD  Co.,  BAumioBi,  Md 
{eondudtdi 
Griffitii  A  Boyd  Co'a  High  Grade 
Acid  Phoaphate 
VoiiceCakter 

01309 

G' 
F* 

— 

14 
15.66 

15.06 



Griffith  A  Boyd  Co'i  Hirfi  Grade 
Acid  Phoq>hste 
V«iica  Center 

01307 

G 

F 



16 
15.00 

16.08 



Griffith    ft    Boyd    Go's    Truckm 
Manure  Substitute 
VwicB  Center 

01311 

G 

F 

2.75 
2.80 

6.82 

8.54 

z 

GtriLB,  0.  R-,  FuuTOK,  N.  Y. 
Fertitiier  (F^uit  SpeeUl) 
Albion 

6601 

G 

F 

1.07 
1,07 

0.68 
0.31 

0.76 
0.33 

3.  II 
2.20 

HSALTH  Chemicai.  Co.,  Yokkbbb,  N.  Y. 
Werteherter  Brand 
Yonlcen 

01973 

G 
F 

0.75 
2.80 

4.75 
4.66 

7 
6.42 

3.76 
5.56 

N.Y.           '            ' 

Special 
New  York 

01704 

G 
F 

4.12 
4.30 

6 
7.16 

8 
9.40 

1 
1.32 

Hendcnoa'a  Raw  Bone  Meal 
New  York 

01706 

G 

F 

2.47 
4.01 



20 
21.66 



Heodewon'a  Raw  Groujid  Bone 
New  York 

01707 

G 
F 

2,47 
2,46 



20 
23.76 



Hendenoa-B  Special  Blood  ft  Booe 
PatiliKT 
Now  York 

01708 

0 
F 

3.29 
3.19 



17 
17.16 



Henderaon's  Superior  FertiUier  fw 
Hoiue  Planta 
New  York 

0170B 

G 
F 

4.60 
4.52 

z 

10 
10.42 

2 
2.74 

*  Theae  lettera  indicate,  nq>ectivcly,  Guatanteed  and  Found. 


ilizedbyGoOC^Ic 


672 

IUport  0 


Report  on  Inspection  Wobk  of  tmb 


OR  Jobbbk;  Bk4nd  or  Trade  Nau; 
Takin 

Num- 
ber 

POWNOB  IN    100   POCNDB   0» 

E^anuna 

Nitro- 
gen 

Pbo«pkorio»dd 

Avril- 
■Ue 

Total 

PMarii 

HsmoBBOH  A  Co.,  Pvtbr,  Nbw  York, 

Htadtam'a   Warn    KOlkig   Gnus 
Food 
New  York 

01706 

G- 
F* 

2,36 
2.66 

0,40 
0.64 

0.70 
0.70 

180 
1.71 

Special 
New  York 

01703 

G 
P 

2.47 
2.49 

3.60 
4.51 

4.50 
5.87 

1 
1.S9 

Baas  A  Bao.,  Inc.,  S.  M.,  Phu^bimia, 
Pa. 

6602 

G 

F 

1.6S 
1.63 

0 
9.63 

10 
10,97 

1 
120 

Faimers'  General  F«rtiliief  191S 
Dttim  Center 

OlOH 

G 
F 

0,82 
0,82 

10 
10.92 

11 
12. K 

1 
0.9* 

High  GiBde  SuptT-Pboq)hate 

Hickaville 

01746 

G 
F 

3.29 
3.32 

10 
11.31 

U 
12.68 



Market  Gaideaer's  Manure 
HickEville 

01745 

G 
F 

4.11 
4.22 

8 
9.71 

0 
10.11 



Nitr»te  of  Sodft 

0786 

G 

F 

IS 
15.60 







Potato  Manure  1916 

HickBVille 

01748 

G 
F 

247 
2.65 

9 
10.50 

10 
11.42 

1 
0.82 

Reliable  Supw  Phoivlute 

01324 

G 

F 

2.47 
2.42 

10 
9.10 

11 
11.04 



Special  Corn  Manure  1916 

660* 

O 

F 

0.82 
0.83 

10 
11.68 

11 
12.41 

1 
1.01 

Hickaville 

01744 

G 
F 

2.06 
2.30 

8 
9-22 

9 
10.40 

1 
1.77 

Special  High  Grade  Add  Phoaplwte 

01323 

G 
F 



16 
15.96 

17 
16.92 



Special  Potato  Mannie  1916 
Mineoia 

01719 

G 

F 

3.70 
3.68 

8 
8.64 

9 
9.82 

1 
1.26 

*  Theaa  letter*  iitdieato,  reqieotively,  GuaraulMd  and  FomuL 


ilized  by  Google 


New  York  Agricultural  Experiment  Station.        573 

E  COKIOB- 


Nam  akd  Addbim  o»  MiNrFAOTDMH 
OB  Jobbik;  Brand  or  Tradr  Naiui 
AND  LooAUTT  Wrrbs  Sawrji  was 
Taken 

Num- 
I  ber 

Fomros  IN  100  Podmdb  of 
Fbbtiuur 

Nitro- 
gen 

PhoBphwieadd 

AviUl. 
able 

Total 

FAtaah 

Hbm  a  Bro.,  Inc.,  S.  M.,  Phiiadblpbu, 
SUuKlvd  Super  Phaqtluto 

01322 

O* 

0.82 
0.95 

10 
10.06 

11 
11.68 

^^ 

(DortiMrf 

01321 

a 

F 

1.66 
I. S3 

10 
9.17 

11 
11.19 



Top  DiMtdng  Muun 

01747 

O 
F 

8.23 
8.92 

5 
5.78 

6 
6.46 



Wh««t  BDd  Orui  Munue  1916 
Jamertown 

e603 

G 
F 

0,82 
0.92 

10 
11.61 

11 
12.45 

1 
0.9S 

HnDBON  Carbon  Co.,  Baimton  Spa 

N.y. 

Dsvidge's  CweentTAted  Munin 

OWI 

G 
F 

I 
1.63 

^ 

I 
8,22 

:= 

0190S 

G 
F 

IZ 

'Z^ 

5 
11,37 

. 

International    Aqb'l     Corporahon 
BurFAM)     Fmitiimrr     WoR«a 
Buffalo,  N.  Y. 
Bods  Heal 
lUndolph 

6699 

G 
F 

2.40 
2.18 

— 

22 
24,36 

— 

Buffalo  One  Ei^  Two 
SpriRgvilh 

6690 

G 
F 

0.80 
1.02 

8 
7.82 

9 
9,34 

2 

1,93 

Buffalo  One  Ei^  Three 
Springvilfe 

66SS 

0 
F 

0.80 
1.00 

8       1    9 
7.71  1    8.65 

3 
3,01 

Buffalo  Two  Eight  Three 
Springville 

6687 

G 

F 

1.60 
1.68 

8        1    9 
7.86  1    8.89 

3 
3,26 

Buffalo  Ten  Two 
Springville 

6685 

Q 
F 



10       1  11 
10.22  1  10.52 

2 
1,98 

Buffalo  Twelve  Two 
Springville 

66&4 

G 

F 



12 
12.10 

13 
12,40 

2 
2.08 

*  These  lettera  indicate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


Report  on  Inspection  Work  op  the 


RflPOBT  OP  Analtbeb  or  Sampus  of  FiKnusBBB  CauLcerso  b 

r  TBB  ComnB- 

NaU  and  ASDIIXBS  of  MMIUrACTDBSK 

OE  Jobmb;  BaAMD  on  Tradb  Nahb; 
AND  LocAum  WsiEE  Samfli  was 
Takbh 

Num- 
ber 

PoTJHM  IN  100  Pounds  of 

Nitra- 
grai 

PhoBpborioacid 

Avail- 
able 

Totfl 

Potaih 

ImnucATioifAi.    Aob'l    Corporation, 
BnrPALO     FisnuEBR     Wobu, 
BuTFAU),  N.  Y.  (conftnidKi) 

PeuuYao 

OIW 

G* 
F* 

1.20 
1-23 

12 
12,90 

13 
1324 



Buffalo  Bone  Meal 
PeuiiYMi 

0168 

G 
F 

2.40 
2.75 



22 
20.15 



Buffalo  Dinolved  Phoqtbate 
Altuuont 

5346 

G 

F 

rr 

14 
14  67 

16 
1493 



Buffab  Dried  Blood 
FainMTt 

0786 

G 
F 

13,20 
11  68 



__ 

' 

Buffalo  Famwra  Choice 

5368 

G 
F 

0,80 
0.87 

10 
10.22 

11 
10.82 

,.  "" 

Buffalo  Pamen  Choice 
Springville 

6686 

0 

F 

0,80 
1.04 

10 
10.64 

11 
11.60 

2 
2.14 

Buffab  OariMse  Taokage 
Taberg 

6742 

0 

F 

2  30 
2.75 

4 

2.46 

3.29 

0  76 
1.27 

Buffalo  OardeD  Truek 
Freinburg 

01890 

G 
F 

3.30 
3.19 

9 
10.39 

10 
11.23 

I^ 

Buffato  Genor^  Favwite 
Fonda 

6333 

G 
F 

0.80 
0.80 

8 
8.22 

9 

8.82 

1 
0.90 

Buffalo  High  Grade  Manure 
Springville                   ' 

6889 

G 
P 

3.30 
2.91 

8 
8.23 

9 
9.72 

3 
3.08 

Buffalo  Ideal  Wheat  &  Cora 

6700 

G 

P 

1.60 
1-62 

10 
10.63 

11 
11.94 

- 

Buffalo  Sixteen  Per  Cent 
PennYan 

OlOS 

G 

F 

zz 

19 
16,20 

17 
16.40 

. 

Buffalo  Top  Dreaeer 
FrewabuTg 

01891 

G 
F 

6.80 

4,83 

6 
6.73 

7 
7,80 



Buffalo  Track  and  Onion 
Aftatnont 

5347 

G 
F 

2.40 
2.42 

10 
11.62 

12.28 

1 
I 

*  Thiw  letten  indioato,  nq»ectlvelv,  Guaranteed  and  Found. 


DMz.dDyG()l)g[c 


New  Yohk  Agbjcdltobal  Experiment  Station. 


OB  JoBMft;  Bhand  on  Tbabb  Naiib 

AND    LOCAUTT    WhZRB    SaUPLE    WAB 

Taok. 

Num- 
ber 

Potnma  in  100  PotrNne  of 
Fbbduieb 

Nitro- 
ien 

Avail- 
able 

Total 

Potash 

Bottalo     Febtiuebb     Works, 
BorrALO,  N.  Y.  (fondwhd) 
Buffalo  VeBetable  ft  Potato 
Taberg 

8743 

G" 

2.50 
2.47 

10 
10.70 

11 
II  96 



Nitrate  of  Sods 

6647 

G 
F 

15 
15.64 

^Z 

"" 



N.  Y. 
Icttnutticnul  Blectrio  FertUiier 
Rem>BD 

6722 

G 
F 

0.82 
Ml 

8 
9.03 

10.51 

1 
1,30 

latdiuttioQal  General  PhoapliAte 

0967 

G 
F 

1.65 
1.72 

10 
9.84 

11 
11.12 



iDtenuttional  Grain  ft  Gran  Pertil- 
Remaeii 

6721 

G 

F 

1.03 
1.16 

9 
10.90 

10 
11.60 

1 
0.94 

Muiure 
Maine 

01221 

G 

F 

1. 85 
2.00 

8 
8.95 

9 
9-55 

1 
1 

Jabbcm    CHEmcAL    Co.,    The,    San- 

DOBKT,  0. 

Sbermao 

6^ 

0 
F 

0.82 
0.86 

10 
10,43 

11,93 

IIZ 

Blu^  Diuttond  Flab  Guano 
Gaeport 

6616 

G 

F 

1.65 

8 
7.89 

9-66 

1 

1.08 

Ccreala 
Gasport 

6617 

G 
P 

1.65 
1.63 

12 
11 -IB 

13.09 



Hilton 

0781 

G 

F 

— 

14 
13.40 

14.44 

zm 

fUi  and  Potash  Truck  Manure 
South  Lima 

0791 

G 
F 

3-30 
3.25 

8 
8.36 

10.06 

1 

1.18 

Uttle  Giant 
Newfane 

6618 

G 
F 

0.82 
0.83 

7 
7.28 

8.06 

1 
1  21 

*  Then  Mten  indicate,  nspeetively,  Guaranteed  and  Found. 


ilized  by  Google 


Report  on  Inspection  Wobk  of  the 


OR  Jobbeb;  Bbanq  oh  Tkads  Naue 

AND    LOCALITT    WbEBB    SAHPLE    WAS 

Takbh 

Num- 
ber 

PouKDB  IN  100  Pounds  or 

FCRTIUIKK 

NitK>- 

len 

Phosphoric  add 

Avaa- 
abht 

Total 

Potarii 

Jahboki    Cbbkical    Co.,    Tbb,    San- 

Number  One  FormuU 
Newfftoe 

6619 

G* 
F* 

0.82 
0.88 

9 
8.46 

10.32 

1 
0.92 

Raw  Bone  and  Fhosplute  Mixture 
Bergen 

01861 

O 

F 

1,66 
1.68 

8 
9.49 

16 
1S.4I 

1 
1.20 

Lawn  &  Flowbb  Fkbhuuk  Co.,  Rich- 
mond, Va, 
Odorless  F»Ulo 
Nunda 

0757 

G 

F 

6.35 
4.96 

6,50 
5,69 

6,32 

1,25 
1.10 

LiBiKR'a      AoRicoiAiiRAi.      Chbhical 
Womb,  Nbwam,  N.  J. 

Red  Creek 

0796 

G 
F 

— 

^ 

31.12 
29.62 

^2 

Uater-B  Atlaa  Brand  Fertiliier  1916 
Elmira 

0756 

G 
F 

4.11 
3,83 

8 
8.56 

9 
11,27 



Lister's  Buyer'a  ChdM  Add  Phoa- 
phate 
Middleport 

6611 

G 
F 



14 
14,19 

16 
14.89 



liatw's  Celetoated  Ground  Bone  & 
AltanuMit 

534S 

G 
F 

2.67 
2.88 

z 

12 
13.48 

~ 

LiBter'B  Com  and  Potato  FertiUief 
1916 
Utioa 

6733 

O 
F 

2.06 
2.07 

8 
7,62 

9 
9.28 

1 
0.00 

vSr"" 

6732 

G 
F 

1.65 
1.70 

10 
10,  IS 

11 
iI,S9 



Lister's  Excelsior  Guano 
Utica 

6730 

G 
F 

2.47 
2,&5 

10 
10.57 

It 
12,99 



Lister's  O  Brand  1916 
Rivarhead 

0978 

G 
F 

4,94 
5,21 

8 
7.64 

i.s 



*  Them  letten  indioate,  req)ectivdy.  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Ageicultubal  Expbrimbnt  Station. 


IUpobt  or  AMAi,TBiia  of  Samplk  op  FBamutuM  Collbctm.  bi 
siOMBB  or  AoEicWOTUM  DowNO  1916  {tontUwedi 

THE  Couuis- 

Nahb  AMD  Addbwb  op  Manufactdmb 
UR  Jobbir;  Bkamd  or  Trade  Nun; 
AND  LoCAUTT  Wbbri  Sauflr  was 
Taxim 

Num- 
ber 

PouNM  IN  100  Pounds  op 
Fmtmuas 

Nitro- 
gen 

Avail- 
able 

Total 

Potaali 

LiBTBr'b        AOBICnLTUSAI.        Chbmicai 
Middleport 

6612 

?: 

— 

16 
15.70 

17 
16.50 

^3 

LJBtw's  H^  Grade  Top  DroMer 
lima 

0790 

G 
F 

8.23 
8-61 

5 
490 

6 
6.70 

1 
0.93 

IMa'n  New  York  Spedal  FertiKio 
1916 
Beigeo 

01854 

G 
P 

1.65 
1.78 

9 
9.35 

10 
10.67 

1 
1 

Lister's  Oneida  Special  1916 
JamMca 

01725 

0 

F 

0,82 
0  95 

8 
8.56 

9 
9.50 

1 
1.04 

Lirter's  Perfect  Potato  Manure  I9IB 

01606 

G 
P 

3.29 
3.41 

9 
9.12 

ID 
10.28 

1 
0.99 

Uster'B  Plant  Tood 
Utica 

6728 

G 
F 

0.82 
0.84 

10 
10.17 

11 
11.31 



Uater's  Potato  and  C<«n  No.  2  Fer- 
tiKier  1919 
PuUaki 

6877 

O 
F 

2.06 
2,B 

10 
10.15 

11 
11.99 

1 
0.98 

.   LiBtw's  Potato  Manure  1916 
HuDtingtmi 

0968 

G 

P 

4.11 
4.21 

8 
9.30 

0 
10.18 

1 

0.98 

Lister'B  Special  Crc^  Producer  1916 
Bergen 

01855 

G 
F 

0.82 
1.00 

8 
9.10 

9 
9.80 

I 

1,10 

pltate  of  lime  1916 
Seneca  Falls 

01327 

a 

F 

2.47 

9 
9.96 

10 
11.10 

1 
1.06 

Urter'a  Succeaa  Fertiiuer 
Attica 

6693 

0 
F 

1.23 
1  31 

9 
9.07 

10 
10.87 

2 
2.30 

yster-B  Superiw  Ammoniatod  Super- 

«,^ 

G 
P 

3.28 
3.35 

10 
9.57 

n 

11.93 

~ 

Liita'B  VaUey  Brand  Fertiliier  1916 
Spcnceiport 

0171 

G 
F 

082 
0.94 

10 
11.01 

U 
11.99 

1 
0.97 

*  Tliem  letters  indicate,  reapectively,  Gueranteed  and  Found. 

37 


,t„db,  Google 


Repobt  on  Inspection  Work  of  the 


BaroiT  or  Amaltbh  or  Sampus  or  FaKnunaa  CoLutrniD  b 

I    THE    ContlB' 

Nam  and  Ai>i>«na  or  Mamufactdmb 
OR  Jodbbb;  Bkand  ob  Tbadb  Namb; 

AND    LOCAUTT    WBBRB    SaHPLB    WAS 

Takbm 

Num- 
ber 

POUNM  IN  100  PomiBB  OP 
FnmunB 

NitroJ 

gen 

Ptuwphoricaoid 

AvaU. 
able 

Total 

Potadi 

LinSB'B      AaBicDUTDHAL      Cbbmicai 
Ultar'A  Vegetable  Compound  1916 

0969 

G* 

F* 

4.11 
4.16 

8 
8. fig 

9 
9.40 

1 
1.20 

Ljiter'B  Wheat  and  Rye  Fcrtiluer 
19ie 
PuHeofy 

0794 

G 
F 

i.es 

1.66 

10 
10  48 

n 

11.18 

1 
1.03 

LowMo,  PBBTiutBB  Co.,  BoBTOw,  Mass. 
Add  PhoqihBte 

Middle  Grutville 

01921 

G 
F 

— 

16 
IS,  81 

16-15 

— 

LoweU  Animal  Brand 
OneontB 

0330 

G 
F 

2»7 
2.83 

10 
9.82 

11 
10.56 



LoweU  Bone  FerUUMT 
Hooper 

01168 

G 
F 

2,05 
2.07 

10 
10.80 

11 

11.68 



Lowdl  Cora  A  V««etab)e 
OrotoD 

01331 

G 
F 

4,10 
4,06 

10 
10.66 

11 
11 



LoirdI  Dinolved  Bone  Fertiluer 

01276 

G 
F 

1,64 
1,71 

10 
10.22 

11 
10.66 

T~ 

Lowell  EmpresB  Brand 
Cf^ieiihageo 

6864 

G 
F 

1.25 
1.27 

10 
9.00 

11 

10.  oe 

" 

Lowdl  Market  Garden  Special  Gra» 
ft  Uwn  DreeaiiiK 

0130S 

G 

F 

4.92 
4.S9 

8 
8. 66 

9 
9.02 



Lowdl  Potato  ft  Vegetable 
Baaom 

01061 

a 

F 

4  10 
4.09 

10 
10. 2S 

n 

10.76 



Lowdl  Potato  ft  VcgetaUe 
McLean 

01320 

G 

F 

4.10 
4.06 

10 
9.98 

11 

11.16 

ZZI 

Lowell  Potato  and  Vegetable 

01661 

o 

F 

4.10 
426 

10 
9.68 

n 

10.74 



Lowdl  Potato  Manvre 
Brewerton 

01277 

G 
F 

2,46 
2.56 

10 

to-oe 

11 
11.36 

"' 

*  Hwie  letter!  indicate,  respectively,  Guaraoteed  and  Found. 


ilized  by  Google 


New  York  Agricultural  Experiugnt  Station.        579 


N AHB  AMD  AdDBEBS  OF  MANtlPACTUBait 

oa  Jobbbb;  Beakd  or  Tbabb  Nam 

AND    LOCAUTT    WhBRE    SaMPIX    WAB 

Taun 

Num- 
ber 

PouNoa  iH  100  Poouw  or 

FflRRUEKR 

Nitron 
Ben 

AvaU- 
aUe 

Total 

Potash 

(condiuUd) 
Oneonte 

0331 

G* 
F* 

3.38 
3.02 

10 
9.17 

11 
9.71 

_-. 

Lo«^  BtarUng  Phoqihate 
Copenhagen 

6865 

O 
F 

0.82 
0,88 

12 

11.92 

13 

12.08 

DownBviUe 

01660 

G 
F 

0.S2 
0.87 

12 
11.99 

13 
12.37 

LWDLAM     COMPANT,      PBMBMCK,     NBW 

YoBK,  N.  Y. 
Ludlun'B  Palmetto  FotiUier  1916 
Salem 

01917 

G 

P 

0.82 
0.96 

8 
8.81 

9 
10.56 

0.81 

Lndlam'B  Sickk  Fertiluer  No.  2  — 
1916 
Salem 

01916 

G 
F 

1.65 
1.92 

10 
10.13 

11 
11.43 

z 

LudlAm'fl  Sidde  Fortiliior  No.  4- 
1916 
Aqnebcfcue 

0977 

F 

3.29 
3.36 

10 
9,80 

11 
11.14 



Lodlaro'e  ScUe  Fertiliicr  No.  5  — 
IQIS 
New  Hyde  Park 

01739 

G 

P 

4.11 
4.30 

8 
8.20 

9 
9.38 



An  Honert  Ferttliter 
Pe«dukiU 

0490 

? 

6.70 

— 

16 
17.34 

— 

Hapes  Formula  ft  Prrutiam  Guano 
Co.,  Tbb,  Nrw  York,  N.  Y. 
Mapa  Cereal  &aiid  (War  Special) 

01963 

a 

F 

2.47 
2.96 

6 
6.32 

8 
9.06 

z:z 

Mapea  Potato  Manure  War  Bnud 
Mt.Ki>»o 

01962 

0 

F 

3.71 
3.82 

8 
9.32 

10.58 

1 
1.12 

The  Mapn  Com  Manure  War  Snwd 
BaldwinaviUe 

01267 

? 

2.47 
2.53 

8 
9.24 

10 
11.40 

1 

1 

*  Thae  letteTB  indicate,  reflectively,  Guaranteed  and  Found. 


ilized  by  Google 


Report  on  Inspection  Work  of  the 


Refobt  or  Analtses  of  Samples  op  Fertiuibrb  CouJtonut  B 
810MIB  or  AoBicuwuBB  DuwNO  1916  (fxmtiniud) 

t    THE    OOMMIS- 

OR  Jobbeb;  Bhahd  ob  Tkade  Naue 
AND  Locautt  Where  SuUiplb  wab 
Taken 

Num- 
ber 

Pounds  in  100  Pomma  op 

FEHntUER 

Nitro- 
gen 

Phosphoric  arfd 

Avail- 
able 

Total 

Potash 

Mapes  Fobhitla  a  Peruvian  Gvamo  Co. 
Tmt,  New  York,  N.  Y.  {wnduM 
The    Mapes    Qmenl     Crop     War 
SpJdal 
Mt.Kiaco 

01961 

0' 
F* 

1.66 
2  00 

8 
7,68 

10 
11.34 



Tbe   JtUpea   General    Special   War 
Brand 

01967 

0 
F 

5.76 
6,21 

6 

7.97 

8 
9.67 

1.45 

Tbe  Mopes  Tobacco   Starter   Im- 
nJld'^nsviUe 

01266 

G 
F 

4  12 
4,39 

6 
6.15 

8 
9-21 

1.23 

Tbe   Mfqxe   Tobacco   Start**'    Im- 
proved 
Owego 

01236 

G 
F 

4.12 
4.42 

6 
6  57 

8 
9.39 

1.14 

The     M^M8     Top     DiMaer     Half 
Strength  War  Brand 

01966 

G 
F 

494 
4.92 

2.50 
3.38 

4 
4.52 

0.50 
1  20 

Mabtin  Fertiucbr  Co.,  Pbii.a)>blpbia, 

Acid  Pho^ate  14% 
Syracuse 

01291 

0 
F 

~ 

14 
18 

16.42 

^^ 

Three  Bight 

Syracuse 

01292 

G 
F 

2.46 
2.50 

8 
9.22 

12.82 

'" 

Four  Eight 

01287 

G 

F 

3.28 
3  31 

8 
8.70 

10.08 

Pour  Ten 

Syracuse 

01293 

G 
F 

3.29 
2,96 

10 
11,33 

12.91 



Miller  Fbrtiluer  Co.,  The,  Balw- 

HOBE,  Md. 

Ground  Bme 

Oteaa 

6621 

G 
F 

2.47 
2,17 

= 

14.60 
11.60 

^3 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


New  Yohk  Aqhicultural  E]xperiment  Station. 


NU»  AND  ADDmiSB  OF  MAMUTACTTUIUiR 

OK  Jobbir;  Brakd  or  Trade  Nakb 

AND     LOCAUTI    WHKIUS    SaMPIX    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  op 

Nitro- 
gen 

PIioBphoric  acid 

Avail- 

able 

Total 

Potash 

Mineral  FebtiuiebCo.,  The,  Chicago, 
Ili. 
Nu-Iife  Fettmzet 

0159 

F' 

— 

— 

15 
13-74 

— 

Nahao  Febtiueeh  Co.,  New  Yobi, 
N.  Y. 
AmmonUtod  Truck  Produoer 
Gletw  Falls 

1    G 
01907    F 

3.29 
3.23 

10 
10.37 

11 
11.17 

Common  Sense  PertdlUer  1916 
OlensFalLi 

01908 

G 
F 

1.65 
1.79 

10 
10.40 

11 
11.32 

— 

Cttmden 

6741 

G 
F 

zz 

16 

15.86 

17 
16.64 

Old  Hickory  1916 

CMdOT 

01214 

G 
F 

0.82 
1.03 

10 
10.35 

11 
11.19 



Potato  Manure  1916 
Candor 

0I21B 

G 
F 

2.06 
2.14 

8 
8.79 

9 
10.47 

I 
1 

Sduble  Hiosptwte 
Candor 

01213 

G 
F 

zz 

14 
14.35 

15 
15.13 

-....     '. 

NAitOKAL  Fbbtiuieh  Co.,   The,   New 
YoBE,  N.  Y. 
National   Complete  Root  &  Onio 
FarUliier  1916 
HickBville 

01750 

0 
F 

3.29 
3.31 

8 
8.18 

9 
9.50 

4 
4-27 

ture  No.  5 
HickflviUo 

01749 

0 

F 

4.11 
4.15 

8 
8.62 

9 
9.68 

~ 

National  Guano  Co.,  Aurora,  III. 

01892 

G 
F 

2.25 
2.60 

1.87 

2.07 

1.50 
1.59 

Sheep's     Head     Brand     Pulverised 
Sheep  Manure 

Syracuse 

012K 

0 

F 

2.25 
2.52 

1 

1.25 

1.35 

1.50 
1.96 

*  These  letters  indicate,  respec^vely,  Guaranteed  and  Found. 


ilized  by  Google 
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Rkport  or  Analtbbs  or  Sihpub  or  FkBTiutEu  Coluctsd  bt  tbs  Comwh- 

Namk  and  AsDHEse  or  MANurAcrcRiiR 
OR  Jobbbb;  Brand  or  Thadb  Nawb, 

AND    LOCAUTT    WbBBI    SaMFLI    WAS 

Takkn 

Nu«- 

PoVNDS  IN  100  Pounds  or 
Fbrtiuebb 

Nitro- 
gen 

Phoipborieacid 

Avail- 
able 

Total 

Potash 

N.  Y. 
Coiwaiitr»ted  Tftnkage 

Newburgh 

0488 

G* 

11 
11.40 

^ 

= 

= 

Pure  Meat  Nad  Booe  (Wtiluer 
Newburgh 

0489 

G 
F 

4 
5.60 

__ 

16 
15.41 

rz: 

Nbwhof  *  8oH,  L.,  Albany,  N.  Y. 
PuwFertiliwr 
AttHwy 

5324 

G 
F 

5 
5.01 

-z 

9 
11.21 

=: 

Cnr,  N.  J. 
OiBmond     Biand     Dried     Ground 
Compost 
f>eeport 

P207 

G 
F 

2.06 
2.62 

1.50 
2.17 

1.79 
2.87 

1,70 

N«w  York  Statb  Granob  PuBcHASiNa 
Aqbnct,  Olrah,  N.  Y. 
Bono  Meal 

01062 

G 
F 

— 

15,14 

16.76 

Dried  Bbod 
AtUntft 

0762 

G 
F 

5.49 

~~ 



Nitrate  Sod« 
Atiuta 

0761 

G 

F 

U,20 



— 

.-■- 

Patron's  )-ll~J 

Atlanta 

0764 

G 

F 

0.41 
0.48 

11 
11,23 

11.50 
13,91 

0,50 
0.27 

Patron's  1-8-1 
Atlanta 

0765 

G 
F 

0.82 
1.16 

8 
9.12 

8.50 
11.70 

1 
O.M 

Patron's  1-8-1 

South  Lansng 

01191 

G 

F 

0.82 
0.81 

8 
8.63 

8.50 
11.05 

1 
0-64 

Patron's  1-8-1 
Mwavia 

01315 

G 

F 

0.82 
1.01 

8 
8.70 

8.50 
11.16 

1 
0,74 

Patron's  2-8-2 

0323 

O 
F 

1.64 
2.07 

8 

7,77 

8.50 
9.02 

2 
1.61 

*  These  letters  indicate,  respeotivdy.  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Agricttltijiul  Experiment  Station. 


Hbpobt  or  Analtbm  or  Samplss  o» 

BioNEE  or  A<3RICUi;inBI 

Fsrtiu»bb  COLLECno  B 

TBX  CoHwe- 

Name  awd  Aoobsbb  or  MAirurACTUHEB 
OR  Jobbeb;  Brand  or  Trade  Name; 

AND    LOCALTTT    WH«R»    aiMPLE    WAS 

Taxen 

Num- 
ber 

poundb  in  100  poundb  of 
Febduzer 

Nitro- 

Phoq>horia  odd 

Avaa- 
able 

Total 

Potadi 

New  York  State  Oranob  Pubceabino 
Agbmct,  Ouian,  N.  Y.  (txmHnuecn 
Patron's  2'«-2 
Atlanta 

0766 

G- 
F* 

M 
41 

8 
8.27 

8.50 
10.86 

2 
1,50 

Patron's  2-8-2 
South  Lu^ 

01192 

G 
F 

64 
62 

8 

8.88 

8.50 
11.22 

2 
1.42 

Patron's  2-8-2 
Itluea 

01330 

O 
F 

64 
46 

8 
8.26 

850 
10.58 

2 
1.42 

PatroD'B  2^2 
Salem 

01919 

G 
F 

64 
54 

8 
8.02 

8.50 
11.06 

2 
1.27 

Patron'B  2-9-1,50 
New  Berlin 

01230 

0 

F 

64 
52 

9 
9.98 

9.50 
11.06 

1,50 
1.06 

Patron's  2-9-1.50 
Mnavia 

01316 

O 

F 

64 
51 

9 
9.13 

9.60 
11.50 

1.60 
1.21 

Patron's  2-9-1.50 
Salem 

01920 

G 

F 

64 
50 

9 
9.60 

9.50 
U.88 

1.50 
1.15 

Patron's  3-8-2 
Atlanta 

0763 

G 

P 

46 
98' 

8 

7.88 

8.50 
11.% 

2 
1.28 

Patron's  14%  Add  Pliaq>hate 

0325 

G 

F 

zz 

14 
14.51 

14.50 
15.49 

ZZ 

Patron's  14%  Add  Phoiqihate 
Lodi 

01334 

G 

P 

zz 

14 
14.16 

14,50 
14.62 

— 

10%  Add  Phosphate 
Eq>eraDce 

0324 

G 
F 

zz 

16 
15.70 

16.30 
16.60 

— 

16%  Acid  Pboqihate 
Atlanta 

0767 

0 

P 

zz 

16 
14.71 

16.50 
16.60 

— 

16%  Add  Phoqihate 
Saabom 

01063 

G 

F 

zz 

16 
16.33 

16.60 
17.34 

— 

Patron-B  16%  Add  Phosphate 
New  Berlin 

01231 

a 

F 

z 

z 

16 
16.84 

16.60 
16.40 

-rz 

*  Tbeae  htten  indicate,  iwpectively,  Guaranteed  and  Found. 
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Namb  and  Asdbbbb  of  Mahufactubxb 
OR  Jobrer;  Brand  or  Tbasb  Name 

AND    LOOALTTT    WsBBIl    SumjO    WAB 

Taken 

Hum- 

PoirNDS  IN  100  Pounds  of 
Fertiuebr 

Nitro- 
gen 

Avail- 
able 

Total 

Potash 

New  York  State  Ghangb  Pdrcsasino 
AOBNCT,  Olban,  N.  Y.  (cOTdudai) 
PBtion'B  16%  Acid  Pbosphale 

01314 

G* 
F* 

= 

16 
14.83 

16.60 
15  23 

= 

Patron's  16%  Add  PbospbBte 
Perry 

01867 

G 
F 

zz 

16 
16.31 

16,50 
16,87 

",'~ 

Nitrate  Aoencibs  Co.,   Nbw  Yobic 
N.  Y. 
Dried  Bbod 
Brooklyn 

0998 

G 
F 

13.16 
13.05 

z= 

^^ 

^^ 

FertiliMT  mixed  bj  reqwert 
Emt  Marion 

0987 

G 
F 

5.63 

11  76 

12,86 

1,30 

Ground  BoDC 

OMNortiiport 

P203 

G 
F 

246 
2.64 



22.88 
22.62 



Ground  Tankage 
CutchoKue 

0983 

G 
F 

5.75 

6,77 



686 
11,08 



Hi^  Grade  Acid  Phosphate 
Cutohogue 

0986 

G 
F 

~ 

16 
16.22 

16  42 



(Devlin  Formula) 
Brooklyn 

01000 

G 
F 

4.93 
6.04 

8 
9.76 

10,73 

4 

3,60 

Southampton 

0993 

G 
F 

10.09 
10.60 

10. 
11.23 

11 
12,15 

2.60 
2-6S 

Nitrate  oT  Soda 
Cutchogue 

0985 

G 
F 

15 
16.59 





PeKadore-a    High    Grade    Genuine 
Peruvian  Guano 
Cutohogue 

0984 

G 

F 

U.dl 
11,54 

10 
11.42 

13 
12  04 

2.50 
2,84 

Patamco  Guano  Co.,  Baltiiiorb,  Md. 
Coon  Brand  Guano  1916 
PortLeyden 

6853 

G 
F 

0.^ 
0.96 

10 
10,82 

U 
11,92 

1 
1.02 

*  These  letters  indicate,  respectivdy,  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Agricultural  EbtPERiuENT  Station. 


RxpoBT  OP  Akaltbbb  or  Sauplbs  or  FsBTiLtEEits  Collected  bt  tub  Cohhis- 
siomR  op  Aobicultuee  Dukinq  1916  (nmttmwd] 

Namc  and  Addbbsb  or  MANurAcruiiBB 
OR  Jobber;  Brand  or  Tradb  Naue; 
AND  LoCAurr  Where  Sample  was 
Taeek 

Num- 
ber 

Pounds  to  100  Pooinw  or 
Pbrtiliier 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potaah 

Patapsco  Guamo  Co.,  Baltinobb,  Mb. 
(.amduded) 
Gnoge  MuEture  1916 
North  Norwich 

01196 

G* 

1,66 

9 
9.89 

10 
11.16 

1 
0.82 

e7M 

G 
F 

0.82 
0.90 

10 
10.76 

11 
11.78 



Patapaco     Columbian     Guano     tor 
Truck   Potatoes   ft   Tobacco 
1916 

01196 

G 

P 

2.47 
2.60 

9 
10.12 

10 
10.78 

1 
0.86 

Patapsw  Cora  and  Tomato  Ferti- 
llwrl916 
LjvQBFallB 

6S56 

G 
F 

1.23 
1.38 

10 
10.38 

11 
11.42 

1 
1.06 

PaUpMo    Golden    Crop    FertiUier 
1916 

6735 

G 
F 

1.65 
1,70 

10 
10.50 

11 
12.08 



PatapMo    OoldeD    Crop    FWUluer 
11916 
South  New  Berlin 

01161 

G 
F 

1.66 

10 
10,64 

11 

11.80 

~ 

Patf^JBCO   High   Grade   Acid   Kios- 
phate 

6736 

G 
F 

16 
16.28 

17 
16,94 



Pata^  Money  Maker  1916 

01193 

G 
F 

0.82 
0,94 

8 
8.69 

9 
9.87 

1 
1-03 

Pat^iHco    Pure    Diwolved    9.    C 
Phoq>bate 
PortLeyden 

6852 

0 
F 

z 

14 
14.10 

16 
14.94 



PotMwco    Special    Potato    Mmiutc 
^lSl6 

South  New  BerUn 

OUffii 

G 
F 

1.65 
1.68 

10 
11.26 

11 
11.92 

1 
0.80 

Pibdhon't-Mt.  Ajbt  Guano  Co.,  Bawi- 
MOBa,  Md. 
Leveriog'e  Excelsioc 
Darien 

01066 

G 
F 

0.82 
0.84 

8 
8.30 

8.90 

1 
1.02 

*  Thaae  letters  indicate,  req>ectivdy,  Guaranteod  and  Found. 
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RsroBT  OF  Ahaltsbb  of  Samfiab  op  Fbbtiuubb  Collxotkd  at  Tin  Coimib- 


Ponma  ra  100  Pounm  of 
Frrtiuibr 

OR  Jobmb;  Beand  ok  TaADB  Name; 

AND     LOCAUTT     WhISE    SaMFU    WAB 

Tacch 

ba' 

Nitio- 
Ben 

Atm]- 
■ble 

Totri 

Potaah 

Piwmiont-Mt.  Aibt  OnAwo  Co.,  Balti- 
KORB.  Mb.  (omdMled) 
I^vering'B  Ejicdior                              1 

SkBOMMea                                    |  012QS 

G' 
F* 

0.82 
0.95 

8 
8.21 

8.74 

1 
1.01 

Nitrate  of  Bodft                                 | 

North  Row                                {    0796 

G 

F 

15.73 
15,74 

^Z '  ^z 

KalmontBltMi  Ribbon  Fertiliier       1 

Dwien                                        1  01056 

G 
F 

2.47 
2.33 

10       1  

10.02  1  10.72 

— Z 

Piedmrnit  12  P«  Cent  Add  Pho^j 
phste 

G 
F 

z 

12 
12.18 

12.38 



Piedmont  14  Par  Cent  Add  Pho.. 
ph.te 
Byron 

OlMl 

G 
F 

— 

14 
14.98 

15.08 



plute 

01067 

G 

F 

z 

19 
16.27 

16.42 

~ 

nedmoDt  Spedal  Crap  Grower 
Biewerton 

01279 

O 
F 

0-82 
0.84 

10 
10.44 

10.92 

"-' 

nednoDt  Utility  FertiliMr 

01278 

G 
F 

1.65 
1.66 

10 
lO.X 

10-86 

_-'i. 

PiNR  ft  Son,  B.  J„  Eabt  WilubtonJ 
N.  Y.  ■ 
Pine-B  No.  2  Star  R*w  Bone  Sup«r4 

Ne<r^e  Park                        j  01733 

G 
F 

2.06 
2.20 

S 
8.28 

9 
10.08 

1 
o.&s 

PDLTKB»aii  Mamub*   Co.,  Tms,  Chi- 
cago, lu- 
WiMid  Brand  Manure 

0158 

G 
F 

1.80 
2.00 

1 
1.24 

__ 

1 

2.74 

Md. 

Nitrate  <d  Boda 
FVuilland 

0787 

G 
F 

14.82 
16.16 

^^ 

3^ 

=z 

*  Tbeae  letters  indicate,  reapectively.  Guaranteed  and  Found. 
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New  York  Agriccltdral  Experibient  Station. 


Name  and  Address  or  Mahutactubxr 
OB  Jobbbr;  Bkand  ob  Trade  Nahb 
ABB  LocALirr  Wbbht  Samplb  was 
Takek 

Num- 

Pomnw  IN  100  Poinn«  or 
Fbbtiuebb 

Nitro- 
gen 

Av^l- 
Bble 

Total 

FotMh 

Mt>.  (continued) 
Ruin's  12%  Add  PhoqthBte 
Merrifidd 

01326 

G* 

— 

12 
12.16 

13 
13-38 

z^ 

Rasin'B  Acid  Phoephate 

S338 

G 
F 



14 
15.22 

15 
16.08 

— 

Raain'B  Sirteen  Per  Cent  Acid  Rkn^ 

5337 

0 
P 

z 

18 
16.70 

17 
17.63 

z 

Eada'e    Coital    Crop    CMupouBd 
II«Tiied 

OfBB 

01282 

G 
F 

0.82 
0.88 

0 
10.08 

10 
11.94 

1 

0.97 

ftPotMh 
Colwcton 

0752 

G 
F 

1.66 
1.70 

8.60 
9.27 

9.60 
11.31 

I 
1.06 

CoUiM 

01886 

0 
F 

2.47 
2.68 

10 
9.47 

11 
10.97 



BMia'a  Empire  Ouauo 
AnwUrdam 

533» 

0 
F 

1,65 
1.67 

8 
9.16 

9 
10.34 

2 
1.65 

Rtna'B  EmpiK  Oubbo  Bpecial  Re- 
Fulton 

«■ 

0 
F 

2.47 
2.26 

8 
7.6S 

9 
8.64 

2 
2.42 

CohBctoa. 

WSl 

G 
F 

0.82 
0.96 

12 
12.79 

13 
13.74 



Amnerdam 

5341 

G 
F 

1.65 
1.74 

12 
12.92 

13 
14.42 

~ 

Ruin's  Potato  &.  VeRsUbh  Ammoni- 
»t«d  Super  P&oMwte 
Wolcott 

0797 

G 
F 

3.20 
3.66 

8 
7.34 

9 
9.97 

z 

MlwN  totters  indioBte,  reqtectlvdy,  Guonuiteed  and  Found. 


ilized  by  Google 
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OB  Jobbbk;  Brand  ok  Tiudb  Nahi 

AHI>    LOCAUTT    WhEKE    SaHPLE    WAB 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  or 
Fertilieeb 

Nitro- 
Cen 

Avail- 
able 

Total 

Potad) 

Rabin    Monumental    Co..  Baltihobe, 
Md.  (amdydtd) 
lUrin's  Sea  WftU  ^>edal 
VoorheeBviHe 

5343 

p. 

— 

10 
11.33 

11 
12.39 

^^ 

6340 

G 
F 

1.66 
1.77 

10 
10.26 

n 

11.36 



RariD'  Special  flah  &  Bone  Guano 
Merrifield 

01325 

G 
F 

1.65 
1.68 

11 
11.28 

12 
12.80 



Raain's   Truck   Ammoniated   Supei 
Fhosphate 

Fairport 

0784 

G 
F 

4.12 
4.04 

8 
8.80 

9 
9.60 

z 

Voorbe«>ville 

S344 

G 
F 

1.03 
1.13 

10 
10.01 

n 

11. OS 

z 

Williain  Penn  Crop  Grower     " 
VooTheeaville 

S345 

O 
F 

0-82 
0.93 

8 

8.27 

9 
9.91 

1 

1.28 

Ilisainiio  Bone  Fertimzmr  Co.,  Rsad- 
IMO,  Pa. 
ADiraal  Tankage  Mixture 
Hamburg 

01873 

G 
F 

1.64 
1.82 

14 
18.69 

16.76 

;;:2; 

Dissolved  Animal  Matter 
Hamburg 

01872 

G 
F 

0.82 
1.03 

10 
11.  !4 

11 
12,38 



Reading  All  Crop  Special 
Hamburg 

01874 

? 

1.64 
1.77 

10 
9.15 

11 
11.16 



Reading's  Soil  Enrieber 
Hooedck  Palls 

01927 

G 
F 

2.46 
2.50 

12 
10.66 

13 
13,16 



ROOEU    &    HUBBABD    Co.,    THE,    PoRI^ 

tANii,  Conn. 
Hubbard   Bone   Base   Oati   ft  Top 
Dreedng 
Berlin 

01931 

G 
F 

6 
636 

6 
7.74 

12 
14.68 



*  ThMe  lettoi  indicate,  rsopectively,  Guaranteed  and  Found. 
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Ratvirr  or  Analyses  of  Sahplbs  or  Fbrtilkbeb  Cou-ictbh  bt  thb  Coiiin»- 


Nun  AND   ADDBBSS  of  MANUFACrCREK 

OK  Jobbbr;  Bkahb  ok  Trade  Name; 
ANB  LocAuiT  Where  Sahple  was 
Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertiuieb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

ROOGRS    A    HUBBAHD    Co.,  Thk,  Port- 

Hubbard  Bone  B«m  Soluble  Corn 
Knd  General  Crop  Manure 
Granville 

01922 

G* 

2,50 
2-60 

10 
8.61 

12 
13.27 



Rosers  ft  Hubbard  Complete  Phoa- 
phale 
Granville 

01923 

G 
F 

1.22 

8.67 

11.43 



F.  8.  RoTBTER  Guano  Co.,  Baiaihori:, 
Md. 
Nitrate  of  Soda 
WiUiamaoa 

0190 

G 
F 

15 
15.56 

zz: 

= 

^ 

Saynta'a  Cuckoo  Crop  Grower 
Poland 

6718 

G 
F 

0.82 
1. 14 

8 
8.28 

8.50 
9.06 

1.06 

FultonviUe 

5334 

G 
F 

3.29 
3.05 

8 
8.38 

8.50 
10.52 



RoysteT's  Defender  FertilUer 
Delhi 

01671 

G 
F 

3.29 
2.76 

8 
8.51 

8.50 
9.71 

1.03 

Royater'a  Dreadnousht  Fertiliw: 
Ontario 

0187 

G 
F 

1.66 
1.71 

8 

7.88 

8.50 

8.72 

2.34 

Royater'a  DrillweU  Phoephate 
Hannibal 

6876 

G 
F 

2.47 

2.75 

8 
7.66 

8,60 
9.14 

MO 

RoyBter's  Fine  Ground  Bone  Me*l 
iDterlaken 

01294 

G 
F 

2.47 
2.82 



22.90 
22-26 

zz 

Superphosphate 
Gage 

0174 

G 

F 

2.06 
2.17 

12 
12.18 

12.50 
13.88 



Royet«9''8  14%  Acid  Phosphate 
Fultenvyie 

5336 

G 
F 



14 
14.09 

14-60 
15.27 

— 

Royster'a  Good  WiU  Ammoniated 
New^e  Pwk 

01730 

G 

F 

4.11 

4  28 

8 
8.25 

8-60 
10.61 



*  These  letters  indicate,  respecUvdy,  Guaranteed  and  Found. 
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Nahb  akd  AoDRias  or  Manufactuseb 
OR  JoBBU;  Bbanv  or  Tbadb  Nau; 
AN»  LooAUTT  Whebb  Sahplp  w*« 
Taksr 

Num- 
ber 

PouNM  i.«  100  PottKiw  or 
FEvnuiu 

NitCD- 

gen 

AvaU- 
able 

Total 

Potash 

F.  S.  BoTfSTiB  Guano  Co.,  BAivmioia, 
Md.  (omdwM) 
RfQvtv'*   Hlgb   Grade   16%   Acid 
PIxMpUto 
FultonviUe 

5336 

G* 

— 

16 
16,61 

16.60 
17,07 



pte"^"" 

6875 

F 

2.47 
2.46 

8 
8.52 

8,60 
10-06 

z 

Crogaa 

aS5S 

O 

F 

1.65 
1.64 

8 
7,93 

8.50 
8,99 

1 

1,01 

Webiter 

0185 

G 
P 

2,06 

2,11 

8 
7,66 

8-50 
9.60 

1 
1  04 

PoUud 

8720 

O 
P 

1,66 
!.68 

10 
10,42 

10,60 
13,22 

Zl 

Poluid 

6719 

G 

F 

0,82 
0,94 

10 
10.66 

10.60 
12,19 



Sander,  Asau,  Salahanca,  N.  Y. 
Dry  Tankage  FortiliMc 

Salamanca 

6620 

G 
F 

S.38 
6,87 

6 
7.80 

16,40 
12.20 

— 

New  Hatiw,  Conn. 
Saodenoti'B  Cabbage  Fstiliwr  191& 

01723 

G 
F 

4.11 
4,15 

8 
9.00 

9 
10,63 

1 

1-X 

Saodmni's  Special  Potato  MaounJ 
1S16 
Jamaica 

01722 

G 
F 

3,2e 

3,27 

9 
9,68 

10 
11,26 

1 

1,68 

ScHAAi^nu>oN  FbrtiliibsGo., 
Bdffau),  n.  y. 

Randolph 

01S94 

G 
F 

0,82 
0.94 

10 
10.26 

11 
11,02 

zn 

Ammoniated  Superphoiphate  No.  2 

01893 

G 
F 

1.65 
1,77 

10 
9,9* 

11 
11,78 

zzz 

*  Thew  httcn  indicate,  nt^Motivdy,  Guanoteed  ud  Found. 


DMz.dDyG0()g[e 


New  York  Aqricultubai  E3xpbrimbnt  Station. 


Rbpobt  or  Analtbis  or  SAin>LU  or  Fkrtii.iebbb  Colupud  s 

T    TUB    GOMMIS- 

Nuu  AWD  Address  or  MAKDrAcruBEn 
on  JoBBXfi;  Brakd  oh  Trade  Name 

AMD    LOCAUTT    WhERB    SaHPLZ     WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  or 
Fbhttumji 

Nilro- 
gen 

AvuI- 
able 

Total 

Potash 

Schaal-Shbldon    Fdrtiliier   Go. 
BorrAto,  N.  Y.  {amdvdtd) 

Warsaw 

6695 

G* 
F* 

247 
2.46 

10 
9.65 

u 

11.62 

= 

Wansw 

6696 

G 
P 

3.20 
3.10 

10 
10.47 

11 
11.45 



DiBsdved  Phosphate 
PaviKon 

01059 

G 

F 

zz 

14 
1402 

16 
15.02 



Kne  Ground  Bone 
Freedom 

0624 

G 

F 

2.47 

2  74 



22.88 
23.30 



Hi^  Grade  Dried  Blood 
EdenCoitec 

01880 

G 
F 

9.87 
9.70 







Solnble  Phosphate 
Warsaw 

6694 

G 
F 

___ 

16 
16.23 

17 
16,92 



PnUDELFHIA,    Pa, 

Bwift^ure  Bone  Metd 

0995 

G 
F 

4.53 
5,18 

— 

20 
22.72 

— 

SouTB   Shore    Ghowebs    &   Shipfbrs 
Abb'n,  Sii-yBii  Creek,  N.  Y. 
South  Shore  Growers  Mixture  No.  1 
Silver  Creek 

66S7 

G 
F 

3.10 
3.22 

8 
8.16 

9 
9.16 

0.25 
046 

South  Shore  Growers  Mixture  No.  2 
Irvidg 

6641 

G 
F 

1.85 
1.30 

8 
9.74 

9 
10.94 

0.25 
066 

South  Shore  Growers  Mixture  No.  3 
Silvtr  Creek 

6638 

G 
F 

1.03 
1.19 

9 
10.38 

10 
11.66 

0,25 
0.54 

Sr*r«i«BECK  A  Sons,  H.,  Utica,  N.  Y. 
Animal  Bone 
Whilasboro 

6727 

G 
F 

2,50 
2.98 

8 
12.99 

Id 
18.47 

— 

Animal  Tankage 

0172 

G 
F 

7 
7.73 



7.90 



*  Tbeae  letters  indieate,  re^eotively,  Guareoteed  and  Found. 


ilizedbyGoOC^Ic 


Report  on  Inspection  Work  of  the 


Name  and  Addbebs  or  MANurAcnnuR 
OB  Jobber;  Brand  ob  Trade  Namb 

AND    LOCAUTT    WaSBB    SAMPLE    WAE 

Taxen 

Num- 
ber 

Pounds  in  100  Fomtu  o» 
Ferttusee 

Nitro- 
gen 

PboBphorieaeid 

Avail- 
able 

Total 

Potask 

StONBMEAL       F^HTIUIBR       Co.,      NOBIH 
PAnxRBON,   N.  J. 

RansomviUe 

6649 

p. 

— 

^ 

10.12 
3,38 

10  42 

trace 

Sttjmpp   a   Walieb    Co.,   New   York 
N.  Y. 
Emerftld  Lawn  Dreasing  A  Genwal 
Garden  Fertilucr 
New  York 

01717 

G 
F 

3 
3.05 

s.oo 

6  12 

6,00 
6,56 

1 

S  A  W  Co's  Bone  FerUlii«' 
New  York 

01718 

O 
F 

3 
3.50 



20 
19,90 

-,1, 

SwiPT  A  CoMPANT,  Baltimore,  Md. 
BJverhead  Town  Agr'l  Society  Fertil- 
ucr  1916  Formula  No.  2 
Rivwhead 

0975 

G 

F 

4.94 
4.93 

8 
7.20 

8,87 



iier  1916  FonnuU  No.  4 
Rivcrhead 

0976 

G 
F 

3.29 
2.56 

8 
7,10 

7.38 

Z 

5332 

G 
F 

1,66 
1.94 



1 
2,02 

1-50 
2, SB 

Phoaplute 

017» 

G 
P 

0.82 
0.84 

10 
10,52 

10,50 
11,04 

~ 

FrewsbuTB 

01888 

G 
F 

1.65 
1  69 

10 
10.42 

11 
11.94 

0.50 
0  54 

Swift's  Pure  Bone  Meal 
WiUiamaott 

0189 

G 
F 

2.47 
2,44 

m 

24 
23.86 



Swift's  Pure  Corn  and  Wheat  Grower 
Chalbam 

0494 

G 
P 

1.65 
1.81 

10 
11.88 

13.48 

2 
1  94 

Swift's  Pure  Com  Grower 
Chatham 

CH95 

0 
F 

1  65 
1.88 

10 
9,50 

10,70 

1 
1,3S 

*  These  lettwa  indicate,  req»eotively,  Guaranteed  and  Found. 


ilized  by  Google 


New  Yokk  Agricultukal  Experihbnt  Station. 


Repobt  or-AMALTe 


p  Sahflis  or  Fkrtils 


i  CoLLicTSD  BT  nm  CoHHtB- 


8IONBB  OF  AoBicDi/ruBB  DcBma  1916  (eontinued) 


Nahb  Am  Addrbib  or  Mancfajtdhbr 
OR  Jobbrb;  Brand  ok  Trade  Nahb; 

Takbk 

Num- 
ber 

PoDNDB  IN  100  Pounds  op 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

Swin    ft    CoMFANT,     BAimHOHE,     Md. 

Swi(t'»    Pure    Diamond    A    Potato 
Fertiliier 
SBlmmRnca 

O1806 

G* 
p. 

2,47 
2.43 

8 

8,34 

9 
9.86 

1 
0-96 

Swirt'B  Pure  DiuDond  B  FertiliMr 
EUenvUle 

01651 

G 
F 

1.65 
2.00 

8 
9.80 

8 
10.36 



SwfffB    Punt    DuuMMkd    G    Grain 
FertOiaer 
EUcnvine 

01653 

G 

P 

0.82 
OSl 

8 
7.50 

8  38 

~ 

Swift'i    Pure    Diamond    K    Qrtin 
OrowoT 
Eden  Center 

0187S 

G 
F 

0-82 
084 

12 
11.99 

12.50 
12.63 

1.06 

Switt'B     Pure     Farmen      Favorite 
FertiliMr 
Chatham 

0«7 

G 
F 

1.65 
l.SI 

9 
9.32 

10-50 

1,26 

gwitt'a  Pure  Garden  A  Truck  Fertil- 
Keonedy 

6631 

0 

F 

3.29 
3.36 

8 
8.10 

9 
9.86 

0.60 

SwiTt'i  Pure  Qardoi  City  Phosphate 
Fulton 

6870 

G 
F 

— 

14 
14.54 

16.52 

"~ 

Swift's  Pure  Hi^  Grade  Acid  Phoi^ 
phale 
CortlaDd 

01180 

G 

F 



16 
15.88 

17.02 



Swift's  Pure  Loi«  liland  Favorite 
Idineola 

01741 

G 
F 

4.11 
4-16 

10 
10-36 

11  22 



Swift's      Pun      Pulvmsed      %eep 
Manure 
DeUii 

6210 

G 

F 

2.06 
1.80 

1.60 
1.58 

1.50 
2.43 

Switt'B     Pure     Puivaiied     Sheep 
Manure 
Delhi 

6211 

O 
F 

1.05 
2.32 

1 
1.84 

1,50 
2.M 

■e  Mten  indicate,  raspeotivdy,  Guaranteed  and  Found. 

38 


,t„db,  Google 


Report  on  iNBPBcnoN  Wobk  or  the 


RcpORT  or  Analtos  of  Sahplbs  op  FEsnuiBBa  Collictsd  vt  tbm  Cohuis- 
nomB  or  AoaicowtrM  Doeiko  1918  (eoirfiiwierf) 

OK  Jobmb;  Brano  o«  Tbaixi  Namk 

AND    LOGALITT    WHBKE    SaMFLE    WAB 

Takbs 

Num- 
ber 

PouKM  IN  100  PouHM  or 

Nitro- 
gen 

AvaU- 
able 

Total 

Potash 

gwirr   &   CoitPANT,    BALnKOU,    Md. 

Swift's  Pure  Rad  Steer 
CcH^luKl 

01178 

G* 

F* 

I  66 
1.75 

8 
7.84 

8,92 

_. 

Swift's  Pore  RelUbk  Gmin  PertiliMT 

CMtUod 

01179 

? 

0.82 
1-02 

8 
7.67 

864 

1 
1,13 

Cunbridge 

0192S 

O 
F 

zz 

12 
11.60 

12,47 



FV>rmula 
Tuny 

01289 

G 
F 

3.29 
2.98 

10 
9.W 

11.34 

z 

Swift'*  Pure  Speoiftl  C«n  Growsr 
CortUnd 

01174 

G 
F 

1-65 
l.SS 

10 
9.33 

1056 

Swift's  Pure  Special  Diamond  A 
Owdor 

01216 

0 
F 

2.47 
2.98 

8 
7  15 

8.02 

Swift's  Pure  Spedsl  Fwinnis  A 
Cmtlrad 

oim 

G 
P 

3,29 
3.31 

8 
7.61 

8.03 

.. 

Swift's  Pure  Special  Fomuk  A 
TuUy 

01290 

G 

F 

3.29 
3.42 

8 
9.68 

10.63 



Swift's  Pure  Special  Formula  A 
Mineola 

017O 

O 
F 

3.29 
3-23 

8 
8.60 

9.10 



Swift's  Pure  Special  Fonnula  C 
Benttm 

0198 

O 

F 

1.65 
1.69 

12 
10.73 

11  77 

— 

Swift's  Pure  Special  PMmula  D 
Cortland 

01176 

G 
F 

0.82 
0.86 

9 
8.36 

9.10 

— 

Swift's  Pure  Special  Grain  Growa' 
Cambridxe 

01924 

G     1.66 
F  1  1.66 

12 
11.96 

13.16 

1 

0,80 

Swift's  Pure  Special  Hwiison  For- 
mula FcrtiliMT 
Albany 

01934 

G 
F 

3.20 
3.88 

10 
9.64 

10.92 



*  These  letters  indicate,  reflectively,  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Agricultural  Expbriugnt  Station.         595 
Hefobt  or  Amaltsbb  or  Sahpub  of  i^vnunns  Couaoras  bt  ibb  Coiwib- 


NutB  ANB  ASDRBBB  OP  MANVPACTDItBH 

OR  Jobber;  Bund  or  Trasi  Nahx; 
Airo  LoCAtnr  Whbrb  Sahtlb  was 
Takkn 

Num- 

PoDMDS  iH  100  Pounds  or 

FBRnUUB 

Nit«». 

Phosphoric  acid 

Avaa- 
able 

Total 

Potash 

Swirr  A  Cohpant,    Baltiuobb,    Md. 
Swift's   Pure   Special    Long   laUnd 
OldNMftport 

P202 

F* 

4.94 
4.74 

8 
8 

9.12 



Swif t'B  Pure  3pk6M  Pride  of  Jeraey 

01974 

G 

F 

4.11 
4,14 

8 
6.58 

9.03 

^Z 

Swift's  Pure  Superphovlutte 

0184 

G 
F 

1.65 
l.M 

8 
8.18 

9.64 

2 
2 

Swift's  Pun  Top  Dressiiis  fNirmuU 
No.  1 
Whits  Plains 

01972 

G 

F 

6.79 
5.30 

8 
9.03 

9.71 

~ 

Swift's  Pur«  Track   ft  Potato  Fer- 
tiliier 
Whits  Pl^ns 

01971 

0 

3.29 
3.56 

8 
8.71 

B.61 



Swift's  Pure  Truck  ft  Vegetsble 
Ctatland 

01175 

G 

F 

1.06 
1.65 

8 
8.14 

8.92 

1 
0.07 

Swift's  Tankage 
ArkpoTt 

0760 

G 

F 

8.23 
8.32 







S1KACU8B  Renderimq  Co.,  Stbacusb 
N.Y. 
^TMUse  Animal  Brand  A  FertUiHr 
forAnCrope 
Clyde 

0177 

G 
F 

2.46 
2.86 

11 
11.26 

12 
12.02 



Syracuse  Bone  Mtai 

01251 

G 

F 

3.28 
3.40 

6 

11.04 

23 
21-56 



Syracuse  4-8-1 

01262 

G 

F 

3.28 
3.25 

8 
9.06 

9 
966 

1 
1.02 

Syracuse  Ground  Bmte 
Syracuse 

01266 

0 
F 

2.46 
2.64 



23 
23.18 

ZZI 

Groton 

01317 

G 

F 

— 

16 

16.  te 

16.50 
16,76 

— 

*  These  letters  iitdieate,  req>eetive]y.  Guaranteed  Kid  Found. 


ilized  by  Google 


Report  on  Inspection  Work  op  the 


Repobt  or  Akaltms  or  Suplbs  or  Firhucbbs  Coiuonv  bt  tu  CoUKm- 

Num- 
bto- 

PouNM  IM  100  Pounds  or. 

FBBTtLIIBR 

om  Jobseb;  Brans  or  Tradb  Namb 

Nitm> 
gen 

PhosidMmcadd 

Takrn  •- 

Avail- 
able 

Total 

Potash 

Syracuse  Indum  Brand  tor  Com  and 
Wbut 
WAterviUe 

6739 

G* 

2.06 
2.03 

10 
9.79 

'L 



Clyde 

0176 

G 
F 

3-28 
3.41 

a 

11.36 

12 
12.62 



Syracuw  Onondaga  Brand 
Syracuse 

01264 

G 
F 

1.24 
1.43 

10 
10.39 

11 
10.96 



Syracuae  Onondaga  Brand  Contain- 
ing 9%  Available  Phot.  Add 
North  Greece 

0782 

G 
P 

1.24 
1.45 

9 
8.73 

10 
10.26 

Oirago 

D1212 

: 

2.87 
2.90 

10 
10.76 

11 

~ 

SyneuBeSeueMBrud 
Syraeuae 

01263 

G 
F 

1.64 

1.74 

9 
10,22 

10 
11.20 

^Z 

Syracuse  Spedal  tor  Cabbage,  Ooions 
and  Potatoea 
Syracuse 

01272 

G 
F 

2.05 
2.15 

11 
11.89 

12 
12.31 

~ 

Buckwheat 
WaterviUe 

6740 

G 
P 

0.82 
0.94 

11 
11.74 

12 
12.04 



Clyde 

0178 

G 
F 

4.10 
4.12 

10 
10.58 

11 
10.92 

— 

Duplex  Bane  Pimgptukte  A  A 
Brooklyn 

0999 

G 

F 

— 

=: 

18 
18,48 

^^ 

I'iioMAs  &  Son  Co.,  I.  P.,  PmuDELFHiA 
Pa. 
Fish  Guano 
Yapbank 

0970 

G 

F 

4.10 
3,45 

10 
10.59 

10,50 
12.03 

— 

*  Tliese  tetters  indicate,  reqiectively,  Guaranteed  and  Found. 


ilized  by  Google 


New  York  Agriciiltcral  Experiment  Station. 
Refort  op  AnaIpTsbb  c 


OS  Jobbxb;  Bband  ob  T&adb  Name 
Ain>  LocAuTT  Wbkrb  Sahplb  was 
Tadn 

Num. 
ber 

Pounds  in  100  Foohds  or 
pEBnunn 

Nitro- 

Hioqrfioricadd 

Avaa- 
>bk 

Total 

Potaab 

Thohu  a  Son  Co.,  I.  P.,  Pkiladblphia 

01743 

G* 
F* 

3.25 
3.31 

10 
10.96 

10.50 
12.60 

^^ 

"■-^"iKp'S'.B-.H 

0902 

G 

F 

2.45 
2.90 

8 
9.45 

8.60 
10.97 

1 
1.39 

Truckers  High  Grade  Manure 

1    G 

oogij  F 

3.25 
3.12 

8 
8,57 

8.60 
9.87 

1 
1.06 

Thomson  k  8onb,  Ltd.,  Wm.,  Clotbn- 
roBDs,  Scon.«ND 
Gttniiiie  SoDtch  Soot 
New  York 

01714 

G 
F 

4 
3.69 

— 

z::z 

= 

ThoBiBOn'e  Special  ChiysaalhemuDi 
Manure 
New  York 

01716 

G 
F 

4.25 
4.84 

7 
12.98 

10.60 
13.20 

1.60 
1.92 

Thomson's  Vine,  Piant  and  Vefetable 
Manure 
NewYok 

01716 

O 
P 

3,25 
3.86 

8 
10.06 

11.60 
12.44 

1.60 
3.56 

Thobburh  a  Co.,  J.  M..  New  York, 

N.  Y. 
Tborbum'fl  Complete  Manure 
New  York 

0«7 

G 
F 

1.66 
1.67 

9 
10 

10 
11,16 

1 
0.88 

Thorbum's  lAwn  FVtiliier 
New  York 

0B66 

G 

F 

4.11 
4.13 

8 
8.51 

9 
9,73 

1 
1.26 

Thorburn'B  Potato  Manure 
New  York 

0D98 

G 
F 

3.29 
3.22 

9 
9.97 

10 
10.79 

1 
0.99 

TuMNBLL  k  Co.,  Inc.,  F.  W.,  Pbo-aixij- 
pmA,PA. 
Add  Fldi  and  Tankage 
Good  Ground 

0997 

O 

F 

4.12 
3.31 

^3 

6 
6.81 

^^ 

F.  W.  Tunndl  A   Co.'a  AoHrican 
Trucker 
Riverhead 

0962 

G 
F 

4.94 
4.56 

8 
9.14 

9 
11.14 



*  These  lettera  iodicate,  respectively,  Guaranteed  and  Found. 


ilized  by  Google 


Report  on  Inspectton  Work;  of  the 


Rbport  op  Amaltbu  or  Sawlbs  or  FBRnuiiBs  Coluiotu)  b 

r  im  Coinin- 

NaKM  AMD  ASDRBSB  Or  MANUrACTUBCB 

OK  Jobbib;  BbaM)  or  Tbadb  Name 

AND    liOCAUTT    WmBBB    SaMPLB    WAB 

Tamn 

Num- 
ber 

Pounds  in  100  Povnds  or 

FlBHUlEB 

Nitro- 
gen 

AvaU- 
able 

Total 

PotMh 

TuNNBLL  t  Co.,  Inc.,  P.  W.,  Phiudel- 

P.  W.  Tunndl   4  Co.'a  1816  IWi 
QiUDO 

0963 

0* 

F* 

8.25 
7.18 

4 
6,94 

5 

e.68 

1916  lightDinK  Ouuo 

0954 

G 
F 

4.12 
386 

8 
9,06 

9        1  

10,50  !  

Long  IdMid  Trucker 

0961 

G 
P 

4.12 
3.79 

10 
8,43 

11 

10,64 



No.  I  Potato  A  Truck  Mboum  1916 
Hickimlle 

09S5 

G 
P 

3.30 
3^ 

10 
10.12 

a 

11,98 



TOBOABOBA  FbRTIUCBB  Co.,  BALiniOBB 

Mo. 
TuMUwa  2-11-0 
ApuliB 

01241 

G 
F 

1.6S 
1.77 

11 
11.19 

11,60 
12.00 

zz 

Unitbd  pBBTiutBB  Co.,  Chicaoo,  III. 
EvergTMii  Brud  flows  and  l4>wn 
Fertiliiw 
Buflaki 

66ti 

G 
P 

8 
8.14 

14.50 
15.75 

16,77 

IS 
16.06 

Cm,  N.  Y. 
Van  Ideratiae's  Purs  Ground  Bone 
L.  I.  aty 

01736 

G 
P 

2 
2.05 

— 

27 
26.87 

::3 

VAuaHAN  SiBD  Stobi,  Nbw  Yobk,  N.  Y. 
Ichthenio  OtuuM 
ArdidBy 

01721 

G 
P 

iU 

7.10 

7.52 

1-20 

Vaughu'B  Bone  Plour 
New  York 

01713 

0 
F 

3.70 
4.39 



22 
2491 

- 

Vuiohan's  Lawn  4  Gvden 
New  York 

01712 

G 
P 

2.47 
2.49 

8 
8-94 

io!oB 

3 
3.32 

VMiKh>n-B  Rama  Head  Brud  Pul- 
veriMd  Sheep  Mftnure 
New  York 

01710 

0 
F 

2 
2.0S 

t 
1.09 

1.20 
1.13 

1 
2.04 

*  Them  letters  indicate,  reopectiTely,  Guaranteed  and  Found. 


ilized  by  Google 


New  York  AoRicmmjRAL  Expbrimbnt  Station. 


RlFORT    OP    AnALXUS    OF    SaHPLBS    0»    FBBTIUIBBB    CouaCTID    B 

T    THE    COICMIB- 

Name  Ain>  Ai>i>itiss  or  MAHnrAcrnrBSR, 
OR  Jobbeb;  Bkahd  ob  Tbadb  Namb 
Atn>  LocAurr  Whbbb  Samtli   was 
Takbn 

Num- 
ber 

PoDKDS  IN  100  PointDB  or 
FEvnuiEB 

Nitfo- 
gen 

PhOBpboriOBdd 

Avail- 
able 

Total 

Potash 

Vavohan  Seed  Stobb,  New  Yobk,  N.  Y 

VaugbBu's  Rose  Grower  Bone  Me>l 
New  York 

01711 

3.70 
3.76 

= 

22.26 
20.78 

^ 

Viboihia-Cabouna  Cheiocal  Co.,  New 
Yore:,  N.  Y. 

PhelpT 

0169 

G 

F 

1,65 
1.75 

10 
9.42 

n 

11 



Byraouae 

01266 

O 

F 

1.65 
1.86 

10 
11.29 

11 
12.45 

V.-C.  C.   Co.'B  Bed  Blood  *  Bme 
B.B.B.     Without  PotaJl 
CorduKl 

01181 

G 
F 

3.2» 
3.06 

10 
10.84 

11 
12.56 

~ 

V-C.  C.  Co.'B  Beef  Blood  ft  Bon« 
B.B.B.    With2%Potuh 
Holoomb 

0793 

G 
F 

3.39 
3.24 

8 
9.49 

9 
11.01 

2 
2.22 

V-C.   C.   Co.'B   Hi^    Grade   Add 
FbotphaXe 
Muathoi) 

01194 

G 

F 



16 
16.98 

17 
17.18 

V-C.  C.  Co.'B  Hirfi  Grade  Anuaoni 
ated  Bone^oq>hat» 

01165 

0 
F 

1.66 
1.72 

12 
12.82 

13 
14.06 



V-C.  C.  Co.'«  High  Grade  Com  ft 
V<«atab)e  Compound  witbont 
Fotaah 
Cortland 

01182 

G 
F 

2-47 
2.43 

10 
0.66 

11 
11.76 

I 

V-C.  C.  Ca'a  HUi  Grade  Cora  ft 

Pol««h 
MkKiMO 

01959 

G 
F 

3.47 
2.46 

8 
S.96 

9 
10.28 

1 
1.16 

V-C.  C.  Co.'s  Oiri  Brand  Potato  Pet- 
tiliaer 
PUttefauq 

S274 

G 
F 

i.es 

1.66 

8 
8.48 

9 
10.54 

1 
l.ll 

*  Tbeee  letters  indioate,  reqwotiTely,  OuanuileMl  and  Fouftd. 
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600 


Report  on  Inspection  Work  of  the 


Nun  AMD  Address  of  Mamutactubeb 
OS  JoBB«Bi  Bund  or  Tradb  Nam; 

AMD    LOCAUTT    WhXHI    SaHTLB    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pocnim  op 
Fertiliieb 

Nitro- 
gen 

PhoBph<»i<^>cid 

Avail- 
able 

Total 

Fotad) 

ViBODnA-CAKOUNA  ChEIOCAL  Co.,  NbW 

YoBK,  N.  Y.  (wrndwM) 
V-C.  C.  Co. 'a  Pbw  Brand  Fertiliier 
Lowvilb 

6861 

F* 

0.82 
0.87 

8 
9.31 

ft 
10  15 

1 
1.02 

V-C.  C.  Co.'i  Bed  Cn>M  14%  Adc 

01268 

F 



14 
13  62 

15 
13-86 



V-C.  C.  Co.'a  Tip  Top  Drewer  with 
l%Fotwh 
MtKiaoo 

Oi9S7 

G 
F 

5,76 
6.30 

5 

7.40 

6 

8.88 

1 
1  40 

V-C.  C.  Co.-B  20th  Ceotuiy  PoUto 
Mwnire  without  Ptotwh 
Phelpe 

0170 

G 
F 

4.12 
4  06 

10 
10.98 

11 
13.18 

~ 

V-C.  C.  Co.'B  20th  Century  PoUto 
Muun  with  3%  PoUib 
MtKiwo 

01960 

G 
P 

4.12 
4.32 

8 

8.78 

0 
10.14 

2 
2.33 

V-C.  C.  Co.'«  Umver»l  FertiHwr  for 
AU  Crops  without  Potuh 
Elba 

01058 

G 
F 

0.82 
0.98 

9 
9.02 

10 
10,14 



Wallacbbubq   Coofhuoe    Co.,    Wai^ 
LACEBrsa,  Ontahio 
WoodAihea 
LinwDod 

6681 

G 

F 

~ 

^ 

1,36 

4,10 

Wbewb  a  Don,  New  Yo«,  N.  Y. 

Wtuba  &  Dod'b  Lawn  and  OaideD 
FertUUer 
NawYork 

01720 

G 

F 

1-66 
1.98 

8 

7,84 

10 
11. 4S 

— 

Wrann  Co.,  W.  E.,  pHii.iDELraiA,  Pa. 
WbuD'B  Cheater  VaUey  Nod  Potash 
Fertiliier  No.  5 
Bivarhead 

0964 

G 
P 

4.11 
4.17 

8 
8.22 

9 
9-62 

— 

Conn. 
Wiboi  Cora  Spadal 
Y^hank 

0971 

G 

F 

3.30 
3.M 

10 
8.91 

11 
12.04 

^3 

*  These  lettera  iodioate,  raapactivdy.  Guaranteed  and  Found. 


iliz^doy  Google 


New  York  Agricultural  Experiment  Station. 


RiroBT   OP  Analtsbb  of  Sahpus  of  Feihtlibuw  Collected  b 

THE  ComiiB- 

Nahb  and  Addkim  of  Mahotactokeb 
OB  Jobbkb;  Bkand  ob  Trade  Name, 
Ain>  LocAUTT  Where  Samtle  was 
Taum 

Num- 
ber 

Pounds  in  100  Pounds  of 

PsitnUEBB 

Nitro- 
gen 

FhoqiboiieMid 

AT«a- 
able 

TotBl 

PotMh 

WiLOOX  Fbetiuier  Co.,  Tre,  Mtbtic, 

Wiloox  Fish  A  Potash 
MMtorville 

0974 

% 

2.40 
3.58 

8 

8.8S 

9 
9.37 

0.50 
0.41 

Wilooi  Long  Ititad  Dry  Ground  Fi«h 
Orient 

oess 

G 

F 

8.24 

8.72 

5 

6 
6.76 



Wilcox  Potato  A  Vegetable  Fertiliier 

Manorville 

0973 

G 
P 

4.!2 
4.45 

8 
8.26 

9 
9.98 

■ 

WrmBBsBE,  Shebmak  A  Co.,  Inc.,  Pobt 
-      Hbkbt^N.  y. 

Port  Henry 

01909 

O 
F 

^ 

^^ 

14 
15. S4 

zzz 

*  Thess  letters  indicate,  rMpeolivdy,  Ouaranteed  and  Found. 


ilized  by  Google 


RxpoRT  ON  Inspection  Work  op  thb 

r  Analtus  or  Samplbs  or  Pbktiliibiw  Coiixamv  by  -nm  Commis- 
siONBK  OP  AaBicm/roKi  DiiRiNa  1916  (conlimied) 
ImB  CoHPOtmM. 


Namk   and   Adpbebb   or   MANcrAcrvBBB   or 
Jobbbk;     Bkand     or     Tsadc     Nun;     and 
LocAUTT  Whihe  SAin>LE  ^AB  Taxbn 

Num- 

Oddum 
oxide 

Magmdum 
oxide 

AmtnOAH  LwE  ft  Stonb  Cki.,  Ttbohb,  Pa. 
^dn^xide  of  Lime 
CmirtM 

0759 

G* 
F* 

66.76 
68.07 

0.91 

Op^non  Hydrated  lime 

01211 

? 

65 
66.60 

1.44 

Covun  IdttB  ft  FBmriLKiB  Co.,  F.  E.,  Utica, 
N.Y. 
Raw  Oround  Lime 
Oxford 

01194 

0 
F 

51,60 
51.84 

1.24 

DiPTOHBSB  County  Lam  Co.,  Dovro  Plaww, 
N.  Y. 
Ground  Ojdde 
Dover  Plana 

01962 

G 
F 

58 
61.68 

34.00 

Hydr«-OridB 

Dover  PUiiK 

0500 

0 
F 

46 
45.85 

30.83 

Edison  Phlvbhiebd  Lm  Stonx  Co.,  SnwARm- 

VIIiB,  N.  J. 

01926 

G 
F 

60 
49.60 

Cambridge 

1.83 

Ehpirii  Qmuu  Co.,  Oabbdtt,  N.  Y. 
Empire  Land  Plwt«r 
Port  Ann 

01912 

G 
F 

31.08 

3.82 

Fabnam  Cmbbhibb  Limb  Co.,  Fahnaus,  Maw. 
Fwnun  Cheahire  Lime  Co.'s  AgrieultuMl 
Lime 
CIsverack 

OIQH 

G 
F 

60 
60  51 

0.61 

Gbnbbbb  Limb  Co.,  Honsote  Falls,  N.  Y. 
IrondequtHt 

0441 

G 
F 

65 
69.65 

1.54 

HoosicK  Limb  Co.,  Hoobick,  N.  Y. 
Ground  Ume  Stone 
Troy 

01901 

G 
F 

54.71 

0-31 

*  Hcob  letten  indioate,  reepecUvely,  Guaranteed  and  Found. 


,t„db,  Google 


New  York  Agricultural  Experiment  Station. 


Rbport  or  Axu-ms  or  Samflbs  or  FairnuEKM 

siomR  or  AancmAUBX  Dduno  1916  (eotoimttd) 
hntm  CouPOUNDB  (cvnMmiad) 


Naju    and   Addrbsb   or   MANDrAcnnos   on 
Jobber;    Bund    ob    Tradb    Nahb;    and 
LocAUTT  Whkbe  Sahplb  was  Taebh 

Num- 
b«r 

Caldum 
oUde 

Magnadum 
oiide 

Calkdonia  Mabl  Branch,  Caudonu 
N.  Y. 
Umt  Cubooate 
UtUe  Valley 

6606 

?: 

50 
4S-30 

0.34 

KmiiT  IBI.AHD  LiM>  ft  TBANSPom  Co..  Thb 
Clbtvland,  0. 

Elmira 

0447 

G 

64 
67.40 

18.86 

PurpowB 
UttleViUey 

6697 

0 

F 

64 
68.89 

1.43 

HwdWoodAahw 
Binghamtoti 

01 158 

G 
F 

62.66 

o.ea 

Nauonai.  Lmm  and  Stohb  Co.,  Tax,  CAntr,  0 

lime 
BingbwntoD 

01237 

G 
F 

47.08 
48.60 

32.84 

Niagara  Land  MutM 
GIoimFbUb 

01004 

G 
F 

32.76 

0.70 

Palmbr.  Lowbu  M.,  You.  Pa. 
CUUenge  Brand  Hydnted  Lime 
Florida 

n 

G 

06 
89.37 

2.46 

BTOO,  Pa. 
Paragon  Hydrate  Ume 
Whitney  Point 

O12O0 

0 
F 

63 
66.38 

1.30 

Plant  Food  Co.,  The,  Cuvxlamd,  0. 
Hantlime 
Clymor 

6648 

G 
F 

45 
50.45 

2.87 

Rsn,  M.  a.,  BurrAto,  N.  Y. 
EaatAurwa 

01S97 

G 
F 

45.06 

30.31 

*  Tbeae  lettm  iodioate,  respectivdy.  Guaranteed  and  Found. 


ilized  by  Google 


604  Report  on  Inspection  Work  of  the 

RlPOST    OP   AMALTBia    OF   SAMPLES    OP    FBRTIUIEIIB    CoLLSCTBD    BT 

BioiraK  OP  Aanicui/niRB  DuiuNa  1916  (cMitCnucd) 
Lnn  CoMFOONDS  (oondiMJAJ)  * 


Namb   AMD   Addribb   op    Maitopactuiur   or 
Jorsbr;     Brani)     or    Thadb     Namb;     and 
Ldoautt  Wbrrr  Samplk  wab  Takxn 

Num- 
ber 

Caleium 
oxide 

oxide 

Rock  Cut  Stonk  Co.,  Aoburn,  N.  Y. 

GlOtOR 

01318 

G* 

44.62 

1  02 

N.Y. 

R-R  Land  Ume 
New  Hyde  Pwk 

01731 

G 
F 

60 
63.24 

064 

Berk(dey  Hydrktod  Ume 
Ewt  Aurora 

01806 

G 
F 

70 
70.73 

1  31 

TOWN,  Md. 
Stendftrd  HydrstBd  Lime 

012S0 

O 
F 

70 
6S.64 

1.99 

Acricultore]  Hydrsted  Utne 

01900 

G 
F 

70 
6S.07 

446 

Cedar  HoUow  Limoid 
Uniofi 

01210 

G 
F 

47 
47.46 

31-00 

limoid 

Mmeola 

01740 

G 
P 

47 
47.40 

31.68 

WooDviLia  Liin  A  Crmbnt  Co.,  Tkr.  Tolrdo, 
Ohio 
White  Biumel  FiniBh 
EMt  Aurora 

0646 

Q 
F 

47.22 

32,68 

*  Hmm  lettcn  indieate,  reqieotively,  Guanuiteed  and  Fouod. 


ilized  by  Google 


New  York  Aghicultural  Experiment  Station. 

or  Anutscb  of  Samplxb  or  FiBTiunBS  CoiibscTMo  bt  mE  I 

sioNKB  Of  AosictfbTusB  DvsiNa  1916  (eottduded) 
MizTDBJBS  CoMTUNiNa  Phosfhobic  Acid  and  Liiu  Comtoundb. 


Namb  and  Addbesb  op  Mahv- 
»AcnjW[R  OB  Jobbbb;  Bkamd 
OB      Tbadb      Name;      and 

LOCAUTT  Whxbb  Samfle  wab 

Tabbk 

Num- 
ber 

Pbobpbobic  Acid 

oxide 

AvmI- 

Total 

oridB 

Ahbbican  Aob'l  CHEincAL  Co. 
New  Yobe,  N.  Y. 
BMie  lime  Phoq>)u.te 
Wftverly 

01229 

g; 

13 
12.84 

14 
14.80 

30 
30.64 

0.72 

CoB-MosniizB  Co.,  The,  New 

YoRB,  N.  Y. 

E.  Fni^L  Coe'B  Bmo  Fruit 

and    Ltgume    Phoa- 

ptuLte,    Bona    Uiae 

PlowBniid) 
CartleCTMk 

01226 

O 

13 
13.08 

14 
13.76 

30 
34. £6 

0.72 

*  These  letters  indioBte,  reqieetively,  OuMantmd  and  FouBd. 


ilized  by  Google 


itiadb,  Google 


INSPECTION  OF  FEEDING  STUFFS.* 

This  bulletin  gives  the  results  of  the  analyses'  of  samples  of  feeding 
stuffs  collected  by  the  Commissioner  of  Agriculture  during  the  fall  and 
winter  of  1915^16  and  by  him  transmitted  for  analysis  to  the  Director 
of  the  New  York  Agricultural  Experiment  Station,  in  accordance  with 
the  provisions  of  Article  VII  of  the  Agricultural  Law.  These  analyses 
are  published  by  the  Director  of  the  New  York  Agricultural  Experi- 
ment Station  in  accordance  with  the  provisions  of  section  164  of  said 
article. 

The  samples  have  been  claaaified  and  arranged  in  the  following 
order: 

Cottonaeed  niMb flOB 

Liiueod  totaX 611 

Malt  qtrouta 613 

DMOlflra'  dried  srwna 6U 

Y«aat  or  vinegar  dried  graina 615 

Bivmn'  dried  graiiu 616 

Cwn  ghiten  feed  and  meal 617 

Hominrteed 618 

Compouitded  feeda 621 

Compounded  feeda,  molaaaea 613 

Poaltiy  fooda,  compounded 664 

GaH  meals 664 

Animal  products 666 

AlfaUftniMl 6« 

Wheat  bran 696 

Wheftt  middlinsi 713 

Wlie*t  bran  and  wheat  middUnga 730 

Wbeat  bran  and  low  pade  iriteat  Bour 739 

Wheat  bran,  wheat  middlinga,  low-grade  wheat  flour  and  ground  acreeninp 739 

Bockwbeat  products 740 

Ground  com  and  oats 747 

Wheat  bran  and  com  by-poduvts 747 

Wheat  nuddUnga,  T3re  frtMrfltnga  unj  ground  ■'*>**ftif^ , ^ .. , 749 

Com  feed  meals 749 

Barley  bjr-producta 7fi0 

Rye  by-produets 751 

Oronnd  Mreenlngi 753 

Miseellaneous 763 

*  The  MialyNB  herewith  pnblialied  were  made  in  diarge  of  Um  Chemical  Dmartment  of  (he 
Station,  the  immediate  ovMti^t  of  the  work  being  aangned  to  Arthur  W.  Clark,  AaM>ciat« 
Chembrt. 

*  A  reprint  of  BuUetiQ  No.  420,  May,  1916. 

laoTi 
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Heport  on  Inspection  Work  of  the 
ANALYSES  OF  SAMPLES  OF  FEEDING  STUFFS. 


i 

""-•^j&a-.-isa^rr-**^ 

Wbwetalt™. 

S&. 

'^ 

^ 

8472 

ADMricw  MQliu  Co., 

Coming 

G»41. 
F*39.9 

6.5 
7.0 

10. 

10.3 

0665 

"  ChMifaHiqiu  CaKMe.Cottoo  Seed  Meal ' 

Q  41. 
F   39.5 

6. 
6.9 

10. 
9.7 

77W 

U.  T.  Berinsw, 

PbiUddphift,  Pft. 
"  H  F  B  Frine  Cotlmi  Seed  Meal  " 

Middleville 

G  38.62 
F   39. 

6. 
7.1 

12. 
10.1 

7885 

J.  B.  fiartlett  Co., 

jMkaon,  Mioh. 
"Bartlett'i    Michigan    FarmtT    Brand 
Choice  Cotton  Seed  Meri" 

Syracuse 

G  41. 
F   45.6 

7. 
8.2 

10. 
6.7 

7933 

F.  W.  Erode  4  Co., 

"  Dove  B^lFnD>e*^tfa>ii  Seed  Meal ' 

Homeil 

G  38.63 
F   39.1 

6. 
7.6 

10. 

8.9 

6392 

P.  W.  Brode  A  Co., 

Memphis,  Tenn. 
"  Owl  Brand  m^  Grade  Cotton  Seed 

Darien  Center 

Q  41. 
F   41.8 

6. 
8.6 

10. 
7.2 

7839 

The  Buckeye  CoMwi  (M  Co., 

Cincinnati  0. 
"  Buekcye  Prime  CottoMeed  Meal  " 

BaldwinsvilJe 

G  41. 
F   39.7 

6.5 
7.1 

10. 
10.5 

S7U 

Hie  BiuAeye  Cotton  Oil  Co., 

"  Buckeye  Fiime  Cottooieed  Meal  " 

R«,*dph 

G  ss.ea 

F   38.7 

6. 
7.1 

12. 
10. 

060 

Tie  Cotfam  Seed  Product!  Co., 

Louisville,  Ky. 
"  Prime  Cotton  Seed  Meal  " 

Berg« 

G  41, 
F   41.0 

7. 
7.2 

11. 
9.1 

7078 

aP.D»vk, 

Little  Rod.  Aik. 
"  Good  Luck  Brand  Cottoa  Seed  Meal  " 

Walton 

G  41- 
F   40.1 

7. 
7.6 

9. 
9. 

7312 

The  Dewey  Bto«.  Co., 
Blancheatd,  0. 
"  Queen  Cotton  Seed  Med  " 

Cattaraugus 

G   41. 
F   40.2 

7. 
8.4 

10. 
8.7 

fiOBS 

Empire  Cotton  Oil  Co., 
Atlanta,  Ga. 

Guflderlaud 

Cent« 

G   38. 
F   39.4 

6. 
7.7 

12. 
8.6 

•Tbna  lMt«  iadieau,  N)ftettnir,  OwnMaed  and  Poand. 


DMized  by  Google 


New  York  AoKicrLTpBAL  Experimbi^t  Station.        609 
AhaI'TSU  or  Sui?Li8  or  FkiDiHa  Srtrm  (ctntltnuwl). 


1 

nhcn  taken. 

Crude 
protmi. 

Cmdii 

Crude 

BbH. 

8536 

Parmere  &  Ginnere  Cotton  Oil  Co., 

AuBtin,  Tex. 
"  Cotton  8t»d  MmI  '  PIowImU  '  Brand  ' 

c„^.. 

Ft  a. 

G*44. 
P*«.l 

Ptret. 
7. 
fl.7 

PvA. 

9. 
10.9 

8296 

Feeders  Supply  Co., 

"  Equity  Brand  Cotton  Swd  M«d  and 
Cake" 

Lacona 

G  41. 
F  42.3 

6. 
6.7 

10. 
7.9 

7996 

Feeders  Supply  Co., 

EsDMa  a^.  Mo. 
"  Equity  Brand  Cotton  Seed  Meal  and 
Cake" 

Bast      Bloom- 

O  41. 
F  43.1 

6. 
9.1 

10.fi 
6.2 

8572 

Oos  Oronauer  &  Co., 

"  Obbe  Brand  Cotton  Seed  Meal  " 

Ithaca 

G   41. 
F   41.4 

7. 
7.4 

9. 
8.5 

8856 

"  Dixie  Brand  CottonBeed  Meal  " 

G  38.62 

F   C5 

6. 
7.7 

12. 
8,1 

6385 

HumphRmj,  Godwin  Co., 

M^phis,  Tenn. 
"  Dixie  Brand  Cottou  Seed  Meal  " 

Attica 

G  38.62 
F   42.5 

6. 
7.6 

12. 
9.1 

6400 

Imperial  Cotlo  Milling  Co., 

Memphis,  Term. 
"Imperial  Cotto  Brand  Choice  Cotton 
Seed  Meal  " 

Warsaw 

G  41. 

F  48. 

8. 
8. 

9. 

7.4 

8402 

Imperial  Cotto  Milling  Co., 

Memphis,  Temi. 
« Iiiv>erial   Cotto    Prime   Cotton   Seed 

Geneva 

G  38,62 
F   36.6 

7. 
6.7 

12. 
13.6 

9001 

Kempa  MiU  A  Elevator  Co., 

Kansas  <^ty,  Mo. 
"Anchiw   Brand   Choice   Cotton   Seed 
Meal" 

G  41. 

F.  41.4 

7.6 
7.9 

10. 
S.l 

0359 

Lanier  Bros., 

NaAviUe,  Tenn. 
"Canary    Bnmd    High   Grade    Cotton 

G  41. 
F  40.7 

6. 
8.5 

10. 
10.4 

8464 

Louiaville,  Ky. 
"  Louisville  Brand  Cotton  Seed  Meal " 

Watkins 

G  41. 
F   41.3 

6. 
7.1 

10. 
9.7 

•dFoimd. 

39 

D,  Google 


610  Report  on  Inspection  Work  of  the 

Amaltbbs  or  Sahpub  op  FaBDiHO  Sruwwa  (fontinuiii. 


1 

When  taken. 

Crud« 

^ 

8674 

J.  M.  MMdonald, 

Ithaca 

G*38.6 
F*37.6 

PB-rt. 

6- 
7. 

PtH. 

12. 
9.6 

076 

J.  M.  Mudoadd. 

CSndnnati,  0. 
■'  Macado  Cotton  Seed  Meal " 

Buffalo 

0  41. 
F  44. 

6. 
8.3 

12. 
7.3 

8531 

Monphk,  Teem. 
"  Sdden  Ck>ttoDMed  Meal  " 

Binghamton 

G  41. 
F  43.2 

6. 
7.9 

10. 
8.4 

739S 

Meridian  Grain  ft  Elevator  Co., 

Meridian,  Mia. 
"Tip  IV)?  Choice  Cotton  Seed  Meal  " 

"ST" 

0  41. 
F  41.1 

e.s 

6.4 

10. 

6.9 

7902 

C.  L.  Moat«omery  dc  Co., 

McmphU,  Tenn. 
"Canary  Extra  Brand   Choice  Cotton 
Seed  Meal" 

w.™. 

G  41. 
F  42.8 

6. 
8.4 

10. 

s. 

8167 

W.  C.  Nottiern, 

Uttle  Kock,  Ark. 
"  Bee  Brand  Cotton  Seed  Cake  Meal " 

Beaoon 

G  41. 
F   40.9 

e. 

8.6 

10. 
7.8 

8548 

W.  C.  Nothem, 

LitUe  Rock,  Ark. 

Cake" 

G  39. 
F   37.1 

6. 
7.2 

12. 
9.4 

7866 

Ralrton  Purina  Co., 

Buffalo,  N.  Y. 
"  Wimwr  Prime  CottoMeed  Meal  " 

Tully 

O  38.62 
F  36. 

6. 
6.9 

12. 

12.8 

097 

Boberts  Cotton  Oil  Co., 

Cairo,  HI. 
"  Cotton  Seed  Meal  " 

FredonU 

O  41. 
F  42.6 

6. 
8.7 

10. 

7. 

8044 

Geo.  B.  Robinaon,  Jr., 

New  York,  N.  Y 
"  Cotton  Seed  Meal  " 

Valley  Stream 

0  38.66 
F   39.6 

6. 

7.4 

10. 
8.S 

8846 

W.  Newton  Smith 

"  Dirigo  Brand  Cotton  Se«l  Meal  " 

Cheny  Valley 

0  41. 
F   40.0 

7. 
7.4 

10.50 
10.3 

8506 

W.  Newton  Smith, 

"  Dirigo  Brand  Cotton  Seed  Meal 

Oneida 

G  41. 
F«., 

7. 
6.5 

10.6 
9.6 

■  TbMe  lelMn  indinU,  n^BOtivdy,  OuanBtcol  ai 


ilized  by  Google 


New  York  Aobi  cultural  Experiment  Station.         611 
AMALTBca  or  Sahplx  or  Fkmnra  Srtrm  (oonitmud). 


1 

z 

uid  bnmd  or  tn>d<  DUne. 

WhgRUkm. 

^. 

^ 

^ 

8255 

W.  Newton  Smith, 

Baltunore,  Md. 
"  Dirigo  Brand  Cotton  8eed  MmJ  " 

OneonU 

0'41. 
P'39.3 

7. 
9.4 

PtTU. 

10.5 
9.1 

8123 

Slide  ft  Trudwell, 

Columbtiti,  G&. 
"  Prime  Cotton  Seed  Med  " 

O  38.62 
F   3S.6 

6. 
7.3 

10. 
11. « 

7566 

J.  E.  Soper  Co., 

BoMon,MuB. 
"  FUgriBi  Brand  Cotton  Seed  Meal " 

PMtOMrter 

G  38.6 
F  38.3 

6, 

8.4 

10. 
S.2 

8720 

"•n^VM^. 

Jaffivtomi 

O  41. 

F  41. _ 

7. 
7.7 

10. 
8.6 

7121 

Southern  Cotton  Cffl  Co., 
Chwlotte,  N.  C. 
"  AuroM  Brand  Cotton  Seed  Me&l  " 

BoAuiT 

a  41. 
F  40.4 

7. 
7.2 

10.0 
7.5 

70S3 

Boutheni  Cotton  Oil  Co., 

Charlotte,  N.  C. 
"  BoniU  B»nd  Cotton  Seed  Meal  " 

adoey  Center 

G  38-02 
F  38.9 

6. 
7. 

10. 
10.6 

7860 

Texas  Cake  ft  lints  Co., 

D»llM,  Tex. 
"  Texoma   Brand   Choice  Cotton   Seed 

Meal" 

WMDEMviUe 

G  41. 
F  38.8 

S. 

7. 

10. 
10.8 

8510 

Union  BroLttage  ft  ComnuHdon  Co., 

ViclubuTK,  Mi». 
"Durham   Brand   ChiHoe  Cotton   Seed 
Meal" 

Greem 

0  «. 
F   40.1 

7.5 
8.7 

10. 
8.9 

7110 

Union  Seed  ft  Fertilinr  Co., 

HuBtwdlle,  Ala. 
"American  Red  Tag  Cotton  Seed  Meal  " 

MargaretTiDe 

G  38.66 
F  40.1 

7. 
7.4 

11.5 
9.6 

8140 

Union  Seed  ft  Fertili«r  Co., 

New  York,  N.  Y. 
"  YeUow  Tag  Choice  Cotton  Seed  Meal  " 

G  41.18 
F  38.9 

8. 
7.4 

10. 
9.6 

6792 

LiNUED  Mkal: 
American  lineeed  Co., 

New  York,  N.  Y. 
"  Hypro  Pure  linaeed  Meal " 

Aubam 

0  36. 
F  38.9 

2. 
2.2 

9. 
8.6 

ear? 

American  Linseed  Co., 
Buffalo,  N.  Y. 
"  Old  Proce»i  Linseed  Oil  Meal  " 

Batavia 

G  34. 
F  36.9 

S. 
6.6 

8. 

7.2] 

■  Titan  kllen  indicat*.  rapMtivdy,  Giu 


nl«d  uid  FouDd. 


ilized  by  Google 


612  Repokt  on  Inmpection  VVubk  of  the 

Ahaltbss  or  Simtles  or  Fkuiino  8tc 


1 

""" "^Job^J'l^^. " "**" 

WhM.  taken. 

S:. 

Cruda 

^ 

8107 

Americftn  MiUing  Co., 

"  Amco  Old  P^ce^  Linseed  Meal  "> 

.„*^ 

G'30. 
F'30.8 

6^5 

PwU. 

10. 
7.6 

7880 

Archer-Duudt  liiuwed  Co., 

"  Old  Pro<ws  Ground  Llnieed  Cake  " 

G  32. 
F  36.6 

6!6 

10. 
6.3 

s.. 

Kellogg  A  Wnet. 

AawtenUm,  N.  Y. 
"  Pure  (Old  ProcttB)  Oil  Meid  ■' 

G  32. 
F  34.7 

6.9 

9. 
7.4 

7868 

"  Pure  (Hd  Prooesa  OQ  Meal " 

Rotnv 

G  33. 
P  36.1 

s!s 

10. 
7,3 

8063 

Luo  Cftke  Meal  Co., 
Chioco.  HI. 
"  Old  Proowe  Iaxo  Cake  Meat  " ' 

Stetkm 

G  26. 
F  34.3 

s!? 

12. 

7.4 

7925 

The  Maui  Bra.  Co., 
Buffalo,  N.  Y. 
"  Pure  Old  ProMM  Linaeed  (Ml  Meal  " 

Huute 

G  34. 
F  36.9 

10. 
7.1 

7563 

The  HeUger  Seed  A  Oa  Co., 

Toledo,  Ohio 
"  Old  Plocen  Oil  Meal "  * 

Port  Cheater 

G  30. 
F  30. 

7.6 

10. 
8.2 

8228 

Midland  linmed  Product  Co., 

MinneapotU,  Minn. 
"  Midland  Brand  Pure  Old  Proctaa 
Ground  Linseed  Cake  " 

StittviUe 

G  32. 
F  36.6 

e!2 

9.5 
6.9 

0663 

Motto  ft  Co., 

Clevelaiid,  Ohio 
"  aevdand  Linwed  Oil  Meal  "  • 

We>tfield 

a  ao. 

F  30.6 

714 

10. 

7.8 

SS23 

Nortbera  linaeed  Oil  Co., 

"Pure cad   Procem   Ground   Linaeed 
Cake" 

Waverly 

G  33. 
F  34.8 

7^4 

9. 
7.5 

71« 

Tie  Toledo  Seed  A  Oil  Co., 

Tdedo,  Ohio 
"  Old  Ptomm  6u  Meal  " 

Sidney 

G  80. 
F  38.8 

6:6 

'?:. 

■  TImm  lelten  indiwtc,  reip»iiv«ly,  Giunntted  wu 
^  EicenvQ  uoourit  ol  wavd  ««da  pnamt. 
'  OuuantCB:  "  Manufurturfld  from  crude  Bai  HBda  i 
flai  teed  oil  c»ke  uid  mnviunEH/' 
>  Weed  leedl  pnamt  in  rncH. 


ith  the  ocdinvy  firld  weedL      Found.-   ' 


ilized  by  Google 


New  York  Aghicoltorai,  Experiment  Station.         613 
Ahaltsbs  or  Sauplh  of  FasDiHa  Srons  (wnHwadi. 


1 

z 

Nwue  (Ad  uUm  ot  m>Dufutii»r  oi  lobba 

„„-„.. 

prMaiii. 

Cnide 

^ 

7837 

Malt  Spbouw: 

Buflrio,  N.  y. 
"No.  IMaltSproutB" 

G*  24.15 
F*2«.4 

Pa- a. 
1.82 
1.6 

Ftrt. 
14.36 
11.2; 

7979 

RooWto,  N.  Y.  ' 
"MJtSproirt." 

Hoobnttf 

O  21. 
P   26.4 

2.26 
1.7 

18.91 
11.2 

7900 

"MJtSprMito" 

Boobeatcr 

0  24.1 
F  26.4 

.84 
1.3 

12.68 
11.1 

8802 

ChM.  M.  Cox  Co., 

"  CaHfoniw  Malt  Simmti  " 

Fulttm 

G  26. 
F  23.6 

lie 

16. 
16.6 

0610 

Fum«n  Feed  Co., 

Nbw  YOTk,  N.  Y. 
"MJt  Sprouts" 

Brooklyn 

G  26.06 
F  27.3 

1.67 
1.6 

12.96 
11.6 

091 

Bnfl»lo,  N.  Y. 
"  Malt  Bprouti " 

Buffalo 

G  24.2 
F  24.4 

i.3 

11. 
14.7 

002 

John  Kam  Maltiiig  Co., 

Buffalo,  N.  Y. 
"MaltSimuto" 

Buffalo 

G  26. 
P  25.8 

.75 
l.fi 

16. 
14.4 

8463 

Lembeok  k  Boti  £a(de  Bmring  Co., 

Watkiiu,  nTy. 
"  Malt  Bprouta  " 

Watkiim 

0  27.76 
F  29.2 

.94 
1.6 

14.28 
11.0 

8738 

Geo.  J.  Meyer  Malting  Co., 

Buffalo,  N.  Y. 
"  Malt  Sprouta  " 

Lockport 

O  20.8 
F  26.2 

1.4 
1.4 

14. 
12.4 

8734 

Perot  Mamng  Co., 

Buflalo,  N.  Y. 
"  Malt  Sprouta  " 

Buiblo 

G  22. 
F  28,5 

.6 
1.2 

18.' 
12.2 

8S38 

C.  U.  Snyder  t  Co., 

chioKo,  in. 

"HeiiwoMaitBpwuta"' 

HayuM 

G  20. 
P  25. 

2. 
1.9 

Ifi. 
13.2 

8411 

WUUam  Taylor 

LyoM,  N.  Y 
"Malt  Sprouta  ■'» 

Clyde 

G  

F  22.3 

2. 

11.8 

*  Tbiag  Isttcn  IniUciW,  mpHtively,  Guaranteed  uid 
I  Afklt  a^avaAA,  mnlCed  barley,  bvley  hulls- 
■  AppnmmaMy  S.T  per  et.  malted  bvley 


■ad  9.9  pel  nt.  seed  wed  praMOt, 


c.!,t„ab,  Google 


614  Rbpobt  on  iNaPBcnoN  Wokk  of  the 

Anu-Tus  or  S^mtlm  or  f^utira  Srom  (emUmtied}. 


1 

1 

Wbtntsloo. 

£3:. 

^ 

S^ 

062 

The  C.  Zwiekel  MiWng  Co. 

Buffalo,  N.  Y. 
"  Malt  SpiDiits  "  > 

Buffalo 

p<ra. 
G*22. 
F*26.9 

Piret. 

i.i 

Pirct. 

20. 
11.4 

B131 

DmiLLna'  Dbdd  Guim: 
Aiu  Milling  &  Feed  Ca, 

"Aj«  flakca  " ' 

0  30. 
F  29.9 

11. 
11.8 

14. 
8.6 

8227 

Geo.  B.  BrisUn  t  Co., 

"Argood  :M^  liictillen'  Qnio  "  > 

^^ 

G  36. 
F   25. 

9. 
9.4 

12. 
11.6 

6374 

Gkrke  Brae.  A  Co., 
PewU,lll. 
"  Empln  State  Daily  Feed  "  * 

Batavia 

G  30. 
F   31.6 

12. 
12.3 

12. 
11. S 

7131 

Peoria,  ni. 
"ContiiwotalGhiteiiF^"' 

Stamford 

G   29. 
F  30.2 

10.6 
8.7 

10.5 

6. 

7124 

Dewey  Bru.  Co., 
"Com3DGrMM*'* 

GnndOoTBe 

G  2B 
F   29.4 

9. 
11.1 

IS. 
7.8 

6387 

Dmrey  Bros.  Co., 

"  Eagle  3  D  Gniiu  (Dewey'a  DMUrn' 

Atttoa 

G  30. 
F   32. 

10. 
14.2 

13, 
0.7 

8205 

Otain  Products  Sales  Co., 

Bnflalo,  N.  Y. 
"  CdumWa  Com  Disffllm'  Orains  "  * 

Utiea 

G  30. 
F   36. 

10- 
12.2 

14. 
iO.7 

7982 

HaoDiB  DistOlmg  Co., 

Baltimore,  Md. 
"  EHatilleni'  Dried  GrainB  "  • 

Wainw 

G   16. « 
F   16.1 

7.13 
7.9 

14. 
10.4 

7993 

HaoniB  DistilliQg  Co., 

Baltimore,  Md. 
"  Distillers'  Dried  Grains  "  • 

Bli0 

O   16.44 
P   16,3 

7.13 
8.1 

14. 
10.9 

*  ThcH  letten  mdiaata,  n^HtlTCly,  Ouannlsad  mad  Found, 
I  OnataiitMid  aikd  [ound  to  omUiii  s  mull  uwnmt  of  wead  «a 
)  QiunatflHl  aa  "  Corn  diMnien' KT^D  ";  faiud  to  be  "  DirtlUc 


ta,  tfE  aad  bariey, 

,  — (.  Iiarl«7  uid  ry. 

'  Frooi  corn,  osU  and  bariay. 
■aiunnl«M  a*  lye,  lye  and  bulcy  a 


D„t„db,  Google 


New  York  Agricultural  Experiment  Station. 
Amaitsib  of  Saicpiab  of  Fbbdino  Stuffs  (omtinMd). 


1 

1 

"-'"U^^'t-siai'sr: -'**'- 

When  taken. 

S&. 

"«• 

^ 

7830 

The  HottBlet  Co., 

"  Haotor  Dried  Dirtiilers'  GnuM  ■• ' 

SyraouBe 

Ptrd. 

0*30. 
F'33.8 

Pertt. 

10. 
12.1 

14. 
10.6 

SW9 

The  Larrowe  MiUmg  Co., 
Detroit,  Mkh. 

O  26. 
F   27,2 

7. 
11.8 

9. 
6.6 

8731 

Melvale  Diatiliery  Co., 
Baltimore,  Md. 
"  Wetillere'  Dried  Grama  "  • 

Ea«t  Aurora 

G   10.94 
F   15.5 

7.96 

8. 

13.8 
12.1 

7920 

Mercliuitt  DiBtiUing  Co., 
Terre  Haute,  Ind. 
■'  Mmhants  Higli  GnKle  Dury  Feed  "  * 

Paiy 

G  30. 
F   33.9 

11. 
12.3 

14. 
9.2 

goo9 

The  Ubiko  MilHng  Co., 

aneiniuiti,  0. 
"Fourex      Graiiu,      DistiUtgra'     Dried 
GraiM  " ' 

G  31. 
F  32.2 

12. 
13.4 

13. 
10,5 

8187 

Ybast  ok  Vinbq&k  Dried  Obains: 
Atlantic  Ejiport  Co., 

New  York,  N.  Y. 
"  Atlantia  Grains  "  ■ 

Btewsto' 

O  20. 
P  19.3 

6. 
7.1 

18, 
16.2 

84fiS 

The  Dewey  Broa.  Co., 
"Bourb«i3DGraiM"» 

Geneva 

G  2*. 
F  26. 

8. 
10. 

W. 
13.4 

7383 

Donahue  Stnttoa  Co^ 
"  Onyx  Dried  GraiM  "  ' 

Potadam 

G  20. 
F    19.6 

6. 
7.1 

16. 
15.9 

7677 

PeekakiU,  N.  Y. 

PeekaldU 

G   18. 
F   19.4 

6.6 
6.7 

22. 
16.3 

*  Tbeao  lettcn  ladiRmtc,  rnpcotivel;,  Gusnotewl  ud  Found. 
I  Prom  som,  ooU  uid  Iwrley. 

*  VrOBt  oora,  barley,  rye  jmd  onto, 

■  QuBTUiteed  H  rye,  rye  and  barley  nujt;  loiud  to  be  dutilksv'  dried  bt^u  (largely  rye)  fr 
and  bnrlgy. 

*  Fhxn  corn,  o*ts,  buley  uid  rye. 

'  From  flom.  ontA,  rye  niul  barley. 

>OuaRUiteed  u  "  Dutillen' dried  Biaiu";  fomid  to  be  yeut  or  vinegu  dried  anuua,  fron 
bftrky,  rye  uid  malt  Hprouta. 

'  FrcQn  oom,  onte,  bvley  and  malt  Bprouta. 

■Ooaiaotcad  aa  "  Made  largely  of  malt  and  corn  ";  [ouod  to  be  yeoil  or  vinesar  dried  , 
coni,  oats,  barley,  rve  and  malt  ■prouU. 

•OlHtnuitMd:  '' Corn,  rye,  bvley  and  m 
oata,  barley,  rye  and  malt  iprouta. 


itqiTOuW   Found:  Yeaat  OF  vinecar  dried  gi 


,t„db,  Google 


Report  on  IrjepacnoN  Work  of  the 
AHALrBsa  or  Sun>i.ia  or  FmRDiKa  Srcm  {wnJinucd}. 


1 

«-'n»"5t=d''»J^'Sr'"'*'^ 

WhsnUken. 

Cnid. 

proMin. 

^ 

» 

8520 

Ybast  Am  ViNMAB  Drud  GRints 
"  Ivy  Grains  " ' 

Pvd. 

G*19. 
P*I8.Z 

Far  A 

7. 
6.4 

PtrU. 
19. 

18.1 

7987 

St.  Louie,  Mo. 
"  Steam  Dried  Brewera'  Qraina  " 

Greenwood 

O  21. 
P   34,4 

6. 

7.7 

18. 
11. 

8321 

M.  F.  BariDEcr, 

PhiladelpWa,  P*. 
"  Dried  Brewaar  Grams  " 

WeatWmfield 

G   25. 
F  25.9 

6. 
«,S 

15. 
18.6 

79B1 

"  Dried  Brew(«'  Graina  " 

Boobetttt 

G  21.13 
F    20.8 

6.1 
7. 

1».4 
15.7 

6391 

Parmen  Feed  Co., 

New  York,  N.  Y. 
"  Bull  Brand  Dried  Brewera'  Oraini  " 

Darien  Center 

O  27  2 
P   30.4 

6.3 
7.3 

17.2 
12.4 

8192 

W.Gottlieb, 

New  York,  N.  Y. 
"  lU^na  Brewers'  Dried  Grains  " 

Towners 

O  25. 
F   25. 

6. 
6. 

IS. 
13.9 

7344 

Hottdet  &  Co., 

Milwaukee,  Wis. 
"  Holatein  Dried  BTewers'  Grains  " 

Glean 

O  26. 
P   21.8 

S. 
8.6 

17. 
16.4 

9010 

Milwaukee,Wi». 
"  Crown  Brewem-  Dried  Grune  " 

Godien 

G  26. 
P   30,1 

6. 
6.6 

16- 
12. 

8500 

K.  A  E.  Neumond, 

St.  Louis,  Mo. 
"  Ooklnes  Katt)  Dried  Biewos'  Grains  " 

Greene 

G  24. 
P   28.8 

6- 
S.9 

13. 

12.2 

8551 

Serantou,  P*. 
"  Brewani'  Dried  Grains  " 

Binghamton 

O  23-71 
F   24.6 

7.14 
6.7 

16.86 
14.2 

7080 

Rosekrani  Soyder  Co., 

"  Pilsner  Brewers'  Dried  Grains  " 

Walton 

O  25, 
F  31.3 

6. 
6.6 

18. 
10.5 

•  ThcBp  leiw™  indieate. 


v«ly.  OuBrsntMd  and  Found. 


Mricy,  maJt 'mod  iprouuT" 

uid  malt  iprauts. 


Found:    Ysut  «  v 


Diciilized  by  Google 


New  York  Aobicdltdhal  Experiment  Station.         617 
Amaltsm  or  Saicpum  ov  FkuiiNa  Srvm  {mmtinvti). 


i 

BDdbnDdottnddHins. 

mmt>k<n>. 

Crude 
protein. 

Cnid> 

tat. 

is? 

8325 

Waitern  Grains  &  Fwd  Co., 

Chicago,  ni. 
"  Dried  Brewers'  Grains  " 

Fulton 

G*25. 
F*22.3 

Pint. 

5. 
S.S 

Pta. 
16. 
16. 

7924 

CosN  Qluixn  FtaDT 
Amencau  Mum  Produett  Co., 

Nbw  York,  N.  Y. 
"  Cream  ot  Com  Gluten  Feed  " 

Perry 

G  23. 
F  24.7 

2.5 
2.S 

8.5 
.  6.9 

0352 

dinton  Sugar  Refining  Co., 
"  CKnton  Own  6hitei  Feed  " 

0  23. 
F   26.9 

3. 
3.6 

8. 
6.7 

7855 

Clinton  Sugar  Refining  Co., 
"  Clinton  Com  6luton  Feed  " 

Homer 

G  23, 
F  25.4 

3. 
4.2 

8. 
6.9 

0558 

Com  ProduotB  Refining  Co., 

New  York,  N.  Y. 
■'  Buffalo  Com  Ghitan  Peed  " 

Uttle  Valley 

G  23. 
F   28.6 

1. 
2.8 

8.5 
6.7 

0754 

Com  I^oduets  Refining  Co., 

New  York,  N.^. 
"  Buffalo  Cora  Gluten  Feed  " 

Belmont 

G  23. 

F  27.8 

I. 
2.8 

8.5 

7. 

6373 

Cora  Producta  Refining  Co., 

Now  York,  N.  Y. 
"  Buffalo  Com  Glutm  Feed  " 

BaUvla 

G  23. 
F   27.3 

1. 
2.5 

8.6 
6. 

8560 

Com  Product*  Refining  Co., 

New  York,  N,  Y. 
"  Buffalo  Com  Olutoi  Feed  " 

Hmnw 

Q  23. 
F  24.5 

1. 
3.6 

8.6 
7.1 

7>42 

Com  Products  Refining  Co., 

New  Ycffk,  N.  Y. 
"  Globe  Glutw  Feed  " 

Davenport 
Center 

G  23, 
F  26.1 

1. 
3.6 

8.5 
6.4 

6384 

Dou^aa  Company, 

Cedar  Rapid.,  la. 
"  Dou^  Com  Ghitm  Feed  " 

Attica 

G  23. 
F  25.3 

2. 
4.3 

8. 
6.5 

713B 

J.  C.  Hubinger  Broe.  Co., 

Keokuk,  la. 
"  K  K  K  Com  Gluten  Feed  " 

Hobart 

G  23. 
F  22,9 

2.4 
2.2 

7.60 
6.8 

S5S5 

Pid  Broa.  Starch  Co., 

IndianapoliB,  Ind. 
"  PBro  Qlutrai  Feed  " 

Norwich 

G  25. 
F  27.8 

2. 
2. 

8. 
5.6 

•  ThoK  IsCMn  IndiiiBte,  nqiMttrelv,  Goartkataad  ud  Found. 
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Corn  Glcwn  Pbbd  (tmtdvdtd): 
Union  Starch  &  Befiniiig  Co., 

Bdinbnrg,  lad. 
"  Union  Com  Gluten  Feed  " 

Pra. 
G-23. 
P"22.9 

3. 
4.6 

8, 
5-9 

7347 

CoBM  Glvtkh  Mial: 
Cam  Producta  Refiniaf  Co., 

New  YOTk,  N.  Y. 
"  Diamond  Corn  Gluten  MenI  " 

Okm 

G  «. 
F  47.5 

1.5 
1-3 

4. 
.8 

S133 

HomNT  FXbh: 
American  Hominy  Co., 

"  Hranco  Food  '' 

G  9.5 
F    10.2 

7. 
8.9 

7. 
4.6 

7334 

AnMO-BuTOB  Co., 

"  A-B-C  Fine  White  Hominy  " 

Cuba 

G     9. 
F    10.6 

7. 
7.3 

6. 
5.3 

0602 

E.  I.  Bailey, 

CleveUnd,  0. 
"  Pearl  Hmniny  Feed  " 

North  Collin. 

a    9. 
F    10.4 

7. 
7. 

8. 
3. 

SISSI  The  BaltinHm  Port  Hominy  Co., 
,  "  Hominy  Feed  " 

Brewster 

G   10- 
P   11.6 

0. 
7.3 

8. 
3.5 

7578  M.  F.  Banngs, 
i  "  Ho«niiiy  Feed  " 

Pe^akill 

G   g. 

F    10.8 

«. 

8. 

10. 

2. 

8062 

S.  W.  Bowne  Co., 

Brooklyn,  N.  Y. 
"  Hominy  Ch<T) " 

Station 

0   10. 

F  n. 

8. 
11.2 

6.6S 
3.0 

7126 

BuSalo  Cewal  Co., 

Buffalo,  N.  Y. 
'■  Bufoeco  Hominy  Feed ' 

Grand  GoTBe 

G  10. 
F    11.4 

6, 
S.4 

5. 
4.1 

7871 

Cental  MilU  Co., 

WausMi,Wi>. 
"  Hominy  Feed  " 

Cuykr 

G  11.25 
F   11. 1 

8.5 
8,7 

4. 
3.9 

8713 

DeutMh  &  Skbrt  Co., 
"  SuocMi  Hominy  Feed  " 

Buffalo 

G     ». 
P     0.5 

7. 
8.2 

4. 

3.7 

8250 

Eagle  Holler  MiU  Co., 

New  Ulm,  Minn. 
"  Honuny  Feed  " 

OneoDta 

G  10.1 
P   10. 

7.93 
«.7 

6.43 
5. 

*  Then  tatlcn  uxUnte.  raapoctivdy,  OiumoMed  uid  Found. 
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8318 

HowNT  Frao  (cnUtnMl): 
Elevator  Milliiig  Co., 

Bpriug&ekl,  ID. 
"  Ideal  Hominy  Feed  KOn  Dried  " 

Carthage 

PtrcL 

G-1I.02 
PMl.l 

7.70 

8.7 

P<ri*. 

4.6 

8274 

Empire  Grain  &  Elev»tor  Co., 

Binghamton,  N.  Y. 
"  Peari  Hominy  " 

G  10. 
F   10.8 

7. 
7.9 

6. 
4.1 

8385 

Evans  Milling  Co., 

IndianapoUa.  Ind. 
"  EvMU  Hominy  Feed  " 

Dwien  Cater 

0   10. 
F   11.8 

7.6 

7. 
4.3 

7847 

C.  8.  Fmmentum  Co., 
Detroit,  Mich. 

Georgetown 
Station 

G     9.5 
F    11.3 

7. 
3.8 

7793 

Chaa.  A.  KJause  Milling  Co., 
"  Badger  Hominy  Peed  " 

Pound 

G  10. 
F    10.4 

6. 
6.2 

7387 

R.  H.  McEwen  Milling  Co., 

C^donabuTg,  N.  Y. 
"  YeUow  Honuny  Feed  " 

OgdwMburg 

0     9. 
F     9.6 

6. 
2.9 

053 

Marco  Mills, 

FiM  Bluff,  Ark. 
"  Hominy  Feed  <M)  " 

North  Java 

G    9-5 
F   11.8 

10. 
6.5 

S013 

Mina-HiUard  Milling  Co., 

WilkeBbwre,  Pa. 
"  Ourice  Steam  Cooked  Hominy  Feed  " 

Cheater 

G  10. 
P   10.3 

5. 
3-8 

7030 

Myrtic  Milling  Co., 

Sioux  City,  la. 
"  Honuny  Peed  " 

McLean 

G  11. 
F   10.8 

6. 
3.6 

7I« 

Myitio  Milling  Co., 

Sioux  Ci^,  la 
"  Hominy  Feed  " 

Sidney 

G  11. 
P   11. 

8. 

6. 

3,7 

0356 

Nati<Hial  Feed  Co., 

St.  Louis,  Mo. 
"  PuM  Hominy  Feed  " 

Fonda 

G  10.5 
F    12. 

7  9 

10. 
4,9 

7899 

IJncolo,  Neb. 
"  Hominy  Feed  " 

Sheds 

G  10. 
F    11.4 

9:7 

4.6 
S.9 

■  TiMK  Mtcn  indiute,  ita^tntivtis .  auaruteed  and  Found. 
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8532 

A.  Ntnr«k  A  San. 

Buffalo,  N.  Y. 
"  JuBtiae  Brand  Hommy  ' 

South  Unang 

C   8. 
P*11.6 

a. 

6.9 

8. 
4.« 

S132 

The  Putmt  Cera^  Co., 

G«»v»,N,  Y. 
'-  Hominy  Feed  " 

p<™,hk.=p.i. 

G    10. 
F    10.9 

6. 
6.4 

6. 
5.2 

8151 

The  Qiuker  Otif  Co., 

Chicago,  ni. 
"  YdJow  Hominy  Feed  " 

G     9. 
F    11.3 

4. 
9.1 

4. 

3. 

7S34 

M.  G.  RMldn  &  Co., 

MUwHlcM,  -Vii. 
"  Jersey  Homioy  Feed  " 

Q   10. 
F   10.4 

6. 
5.8 

5. 
3. 

8534 

J.  E.  8(»er  Co., 

Boston,  Mua. 
"  Blue  RibboD  Hominy  Otop  " 

Stoekfaridse 

G   10. 

F    10.9 

fi. 
6.3 

5:. 

7823 

SuSem  Hunt  Milk, 
Dee«tur,IU. 
"  Acme  Hominy  Feed  " 

BakdnR 

G     9.3 
F    11.4 

7.1 
8.7 

10. 
4.4 

0174 

'■  Special  Hominy  Feed  " 

Ooaben 

O  10. 
F   12.3 

7. 
9.2 

4.7fi 
2.7 

r.  GmmoMaii  uid  Found. 
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Cottonseed  n                               ^,  dried        W 
distiUers'  t                            n  com).       S 
dried  beet :                                at  bran,        6 

fourths  of                             ,  wheat       "l 

milt  run.                                                         g* 
tiUers'  dried  grains,  dried  beet  pulp.       S 

Cora  distitlera'  grains,  hominy  and  com        g 
meal.  Owl  forty-one  per  ct.  cotton-        ^ 
seed  meal,  fancy  winter  wheat  bran, 
old    process    oil    meal,    fancy    malt        ^ 
sprouts,  gluten  feed  made  from  com. 

Distillers'   dried   grains,   hominy   feed,         g 

bran,    linseed    meal,    malt    sprouts, 
corn  gluten  feed. 

Distillers'  dried  grains,  matt  sprouta, 
hominy  meal,  cottonseed  meal,  lin- 
seed meal,  wheat  bran,  one-bait  of 
mie  per  ct.  salt. 

As  certified. 
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"  Squan  Deal  Dairy  Ration  " 

7368!  R.  H.  McEwen  Milling  Co., 
Ogdensburg,  X.  Y. 
i  "  Pontiac  Dairy  Ration  " 
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"  Pure  Alfalfa  Meal  " 

Elba 

Pirtl. 
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33.3' 
29.6 
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The  D«nv^  AJfalfa  MUUng  &  Product 
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HartmAn,  Cok>. 
"  Alfalfa  Meal " 

Buffalo 

G   12. 
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1.5 
1.6 

35. 
29.7 

7935 

The  Albert  Dioldnaon  Co., 

Chicago,  HI. 
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POPULAR  BULLETIN  REPRINTS. 


APPLE  APHIDES  AND  THEIR  CONTROL.* 

,     F.  H.  HALL. 

Plant  lice,  or  aphides,  have  been  a  source  of  irri- 
Plant  Hce  tation  to  fruit  growers  and  farmers  for  years;  but 
inqmrtant      it  is  doubtful  if  the  owners  of  apple  orchards  realize 

^ple  pests,     fully  bow  injurious  these  pests  may  be  when  present 

in   large   numbers.     Recent   studies  made   by  the 

Station  give  some  data  on  the  different  injuries  due  to  plant  lice, 

and  prove  that  steps  necessary  for  their  control  merit  the  attrition 

of  every  orchardist  whose  trees  may  be  invaded. 

The  most  prominent  sign  of  the  presence  of  the  tiny  pests  is  the 
curling  and  dwarfing  of  the  leaves.  These  malformations  are  often 
serious  enough  to  be  a  severe  drain  on  the  vitality  of  the  tree  and 
to  reduce  the  storage  of  food  materials  needed  to  nourish  the  fruit 
buds  for  the  next  year's  crop — a  factor  whose  effect  is  very  difficult 
to  estimate  for  any  one  season,  but  sometimes  quite  evident  during 
the  year  following  a  vei^  severe  infestation.  Were  severe  aphis 
attacks  to  recur  annually  m  any  orchard,  the  result  would  undoubt- 
edly soon  be  a  marked  decline  in  the  general  vigor  and  produc- 
tiveness of  the  orchard. 

But  leaf  infestation,  alone,  may  have  a  decided  effect  even  on  the 
fruit-yield  of  the  same  season.  Exact  measurements  were  made, 
through  the  season  of  1915,  of  Rome  apples  accompanying  infested 
clusters  of  leaves  but  not  themselves  attacked  by  the  insects. 
These  apples,  measural  late  in  June,  averaged  only  J  inch  in  diameter, 
and  similar  fruits  uninfluenced  by  aphides  averaged  nearly  1}  inches; 
while  in  October,  when  ready  to  narvest,  the  average  transverse 
diameter  of  the.  apples  of  aphis-infested  leaf-clusters  was  less  than 
2  inches, —  that  is,  under  market  requirements, —  while  the  check 
fruits  averaged  almost  2J  inches. 

When  the  fruits  themselves  are  attacked  by  the  plant-lice,  the 
effects  are  immediate,  continuous,  and  much  greater  than  when  only 
indirectly  affected  through  the  leaves.  Normal  Rome  apples  are 
somewhat  flattened  in  the  direction  of  the  axis,  the  flattening  becom- 
iiy;  slightly  more  marked  as  the  fruit  enlarges;  but  apples  of  this 
variety,  when  attacked  by  aphides,  showed  much  less  proportional 

*  A  reprint  of  "Popular  Edition  "cf  BuUetio  No.  413;  for  ngulu  edition  aee  p.  297. 
(759] 
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increase  in  transverse  diameter;  so  that  in  apples  from  clusters 
severely  or  moderately  infested  the  length,  duri^  June  and  part  of 
July,  was  greater  than  the  width;  and  in  those  from  clusters  only 
sli^tly  affected  the  two  diameters  were  approximately  equal.  The 
apples  then  tx^an  to  broaden  out  somewhat;  but  were  always  longer, 
proportionately,  than  normal  Romes. 

This  interesting  peculiarity  in  the  rate  of  growth  was  of  slight 
importance,  however,  as  compared  with  the  small  size  of  the  injured 
apples  and  the  very  frequent  cases  of  malformation.  As  already 
stated,  the  sound  apples  averaged  practically  2}  inches  in  diameter 
and  those  near  infested  clusters  of  leaves  slightly  leas  than  2  inches; 
but  those  any  lice  attacked  directly  averaged  less  than  1|  inches  while 
those  from  severely  infested  clusters  were  leas  than  li  inches  acroes  at 
the  end  of  the  season.  Many  apples  from  infested  clusters  were 
one-aided  or  otherwise  deformed. 

When  the  infested  apples  were  sorted,  only  two  out  of  forty-nine  were 
found  of  marketable  size  and  shape;  but  all  of  the  thirty-one  checks 
were  normal  in  shape  and  ranged  from  2\  to  Sj  inches  in  diameter. 

These  injuries  during  1915  in  orchards  about  Geneva 

Species        were  largely  due  to  the  work  of  the  rosy  aphis,  but 

of  two  other   species,   the  oat   aphis  and   the  green 

aphides.        aphis,   were   also  found   in   considerable  numbers, 

though  doing  comparatively  little  injury.  Through 
the  apple-growing  sections  of  the  State  as  a  whole,  the  damage  from 
plant  hce  in  1915  was  not  great,  but  in  occasional  orchards  near 
Spencerport  and  Wolcott  and  in  other  localities,  as  about  Geneva, 
the  insects  were  numerous  enough  to  do  much  harm, —  undoubtedly 
more  than  was  fuUy  realized  by  the  owners  of  the  orchards. 

The  first  brood  of  the  rosy  aphis  had  probably  all 

l^me  of       emerged  from  the  eggs  before  the  last  week  in  April, 

appearance,    when  the  apple  buds  had  broken  so  that  the  tips 

of  the  leaves  were  beginning  to  project  from  those 
most  advanced.  By  the  time  pink  was  beginning  to  show  on  the 
cluster-buds  the  young  of  the  second  brood  were  appearing  and 
clustering  on  the  blossom  steins  and  the  imder  surfaces  of  the 
leaves.  At  this  time  the  oat  aphis  was  more  abundant  than  the 
rosy  aphis,  as  the  females  (stem-mothers)  of  the  former  species 
mature  earlier  and  reproduce  at  a  more  rapid  rate.  This  species 
remains  on  apple  only  imtil  the  middle  of  May  and  the  succeeding 
week  or  ten  days,  after  which  the  winged  forms  of  the  earlier  broods 
then  appearing  pass  to  other  host  plants.  The  period  of  activity 
of  the  early  broods  of  green  aphis  coincides  quite  closely  with  that  of 
the  oat  aphis,  but  its  work  about  Geneva  during  1915  was  mainly 
confined  to  the  succulent  tissues  of  the  terminal  growths  and  water- 
sprouts.  This  work  was  not  serious  in  its  effects;  as  the  hce 
appeared  to  abuidon  the  aging  leaves,  in  succession,  for  those  newly 
opened,  not  seriously  curling  or  injuring  any  of  them.    In  a  Gilli- 
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flower  orchard  near  Wolcott,  however,  the  green  aphis  did  consider- 
able barm  to  blossoms  and  severely  damaged  the  foliage. 

Plant  lice  generally,  and  particularly  those  on  fruit 

Many         trees,  are  difficult  to  treat  successfully;  and  many 

reme<^al       remedies  and  methods  of  control  formerly,  and  even 

practiceB       currently,  recommended  have  proven  ineffective  in 

ineffective,     pntctice.    The  eggs  of  aphides,  in  which  form  the 

insects  pass  the  winter,  are  exceedingly  resistant  to 

the  ordinary  contact  insecticides. 

The  young  appear  so  early  in  the  season,  are  so  minute  and  incon- 
spicuous, and  so  soon  become  sheltered  from  spray  treatments  by  enter- 
ing the  opening  buds  and  by  the  curling  down  over  them  of  the  leaves 
they  attack  that  they  too  often  escape  detection  and  treatment  until 
it  is  so  late  that  effective  action  against  them  is  impossible. 

The  experience  of  1914  and  some  earlier  work 
Station  indicated  that  the  best  chance  for  success  lies  In 
tests.  an  attack  upon  the  newly-hatched  young,  before 
they  have  found  shelter;  that  is,  during  a  com- 
paratively brief  period  just  before  the  opening  of  the  buds.  At 
this  time  the  little  pests  are  quite  susceptible  to  spray  inSuence 
and  are  readily  reached  by  spraying  without  using  excessive  amounts 
of  material.  Accordingly  the  Station  tests  of  1915  were  directed 
toward  ascertaining  the  time  limits  for  Buccessful  spraying,  the  best 
materials  to  use  and  the  extent  of  the  protection  secured.  The 
teats  immediately  under  Station  observation  in  its  orchards  at  Geneva 
were  three  in  number,  one  on  Borne  trees  about  20  years  old,  using 
lime-«ulphur  and  nicotine  as  an  insecticide,  one  on  mixed  varieties 
of  apples  using  various  insecticides;  and  one  on  young  seedling 
trees  with  various  mixtures,  including  a  preliminary  t^  with  nicotine 
solution  and  lime. 

As  auxihaiy  experiments,  the  Station  cooperated  with  agents  of 
the  State  Department  of  Agriculture  in  spraying  ten  commercial 
onwards  in  Niagara  and  Orleans  counties. 

In  all  the  Station  treatments  much  care  was  taken  to  make  the 
applications  at  the  right  time  to  catch  the  aphides  on  the  buds, 
with  variations  of  a  few  days  to  determine  exactly  what  condition 
of  the  buds  is  the  best  index  of  the  time  to  spray.  High  pressure 
was  used  and  nozzles  of  the  common  type  giving  a  rather  coarse 
spray.  Such  thoroughness  was  enforced  that  the  bude  were  well 
(£«nched, —  an  essential  to  success  in  treating  these  pests. 

In  the  Rome  orchard  the  spraying  was  done  on  three 

Time  days,  April  24,  26  and  27,   about  10  gallons  per 

to  tree    of    lime-sulphur    and    nicotine    (one-to-eight 

spray.         dilution  of  32°  £.  lime-sulphur,  with  j  pint  of  40 

per  ct.  nicotine  solution  to  each  100  gallons).     On 

the  first  date  the  buds  were  still  compact  with  merely  the  tips  of 

the  leaves  showing  green.    At  this  date,  or  somewhat  earlier,  as 
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other  teats  proved,  the  first  brood  of  plant-lice  of  the  three  species 
had  all  emerged  and  were  in  their  most  unprotected  condition, 
BO  the  treatment  at  this  time  was  very  effective.  Those  made  three 
days  later  were  equally  successful  and  all  without  injurious  effecte 
on  the  buds  or  foliage.  On  trees  of  mixed  varieties  the  applications 
were  begun  six  days  earlier  (April  18,  19  and  20)  when  the  buds  on 
most  of  the  varieties  were  still  quite  compact,  but  with  leaf  tips 
just  showing  green  in  some  cases.  These  treatments  were  as  effect- 
ive against  the  plant-lice  as  those  made  a  week  later  on  the  Romes, 
proving  that,  even  in  this  comparatively  short  season  for  bud 
development,  there  was  a  period  of  about  ten  days  when  aphides 
could  be  eaaly  and  effectively  reached.  In  ordinary  seasons  this 
period  for  successful  aphis  treatment  would  probably  extend  over 
two  weeks.  The  trees  in  the  orchard  of  seedlings  were  affected 
mainly  by  the  green  aphis,  with  quite  a  few  of  the  oat  aphis  early 
in  the  season.  As  the  green  aphis  remains  on  the  apple  during  the 
entire  season,  repeated  treatments  may  be  necessary  to  control 
the  species  unless  perfect  success  is  secured  by  the  first  application. 
In  this  orchard,  therefore,  bud  treatments  with  various  insecticides 
were  made  on  April  19  and  20,  with  subsequent  applications  on 
some  plats  on  June  22,  July  10  and  August  2. 

In  the  bearing  orchards  the  oat  aphis  was  most 
General  abundant  when  the  treatments  were  made,  scarcely 
results.  a  bud  being  free  from  the  stem-mothers  and  young 
of  this  species,  with  scattered  numbers  of  the  ro^ 
aphis.  After  treatment  both  practically  disappeared  from  the 
treated  trees;  and  very  few  were  found  on  these  trees  at  any  time 
later  in  the  season.  On  the  check  trees,  however,  the  oat  f^his 
rapidly  increased  in  numbers  previous  to  its  migration  to  other 
hc»t  plants;  and  the  rosy  aphis,  never  so  numerous  as  the  other 
species,  increased  rapidly  during  late  May  and  early  June,  so  that 
by  the  middle  of  this  month  they  had  become  plentiful  enough  to 
do  appreciable  daniage  to  both  fruit  and  leaf  clusters.  The  rapid 
multiplication  of  this  species  from  the  small  numbers  seen  early  in  the 
season  was  a  rather  surprising  feature  of  the  studies.  Like  the  oat 
aphis, -the  rosy  aphis  does  not  remain  on  the  trees  throughout  the  sum- 
mer, and  in  1915  practically  disappeared  from  the  orchards  in  late  June. 
In  work  against  green  aphis  in  the  seedling  orchard  practically  com- 
plete eradicatiou  of  the  pests  was  secured  by  the  bud  spraying  with 
various  insecticides;  but  the  check  trees  always  showed  considerable 
infestation,  and  as  the  season  advanced  the  winged  forms  migrating 
from  the  check  trees  to  the  treated  ones,  with  the  multiplication 
of  the  insects  from  the  few  females  that  escaped  the  first  treatment, 
reinfested  the  sprayed  trees.  Comparatively  little  injury  was  done, 
however,  even  on  the  checks,  owing  to  the  habit  of  this  species, 

Ereviously  referred  to,  of  shifting  to  the  fresh  leaves,  not  remaining 
>ng  enough  on  any  to  injure  them  materially.    However,  the  effect 
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of  accumulated  injuries  became  increasingly  apparent  on  the  check 
trees  as  the  season  advanced,  in  the  presence  of  curled  and  distorted 
leaves,  discolored  and  smutty  from  honeydew  and  sooty  fungus, 
followed  by  more  or  less  brownii^  of  the  leaves,  some  defoliation 
and  occasional  instances  of  dwarfing  and  killing  of  the  tips  of  the 
new  growth.  The  spray  treatment  of  whatever  kind  ^ectively 
protected  the  sprayed  trees. 

It  is  hardly  necessary  to  discuss  the  effects  of  the 

Some  data      treatments  in  detail;  but  the  following  table  shows 

of  results,      a  summary  of  the  results  of  the  experiments  in  the 

Borne  orchard,   with  intcrplanted  trees  of  other 

varieties,  and  in  the  older  orchard  of  mixed  varieties. 

Tabu:  I.— Sukkart  or  Bxpbbiment  Aoainbt  Robt  Afhis. 


NUUBIB  AND  VaRRTT 

ofTbbm. 

Ceuteraof 

Fniita 
injured. 

LeavsB 
ouried. 

SP^«d 

No. 
46 
8 
319 

No. 
33 
0 
279 

No. 

10    Mined  varietjes 

2» 

Avenge  pec  tmrayed  tree,  Bt 
Average  for  aU  sprayed  trees 
Av«cag«  pw  uniprayed  tree, 

-     2.55 
46:57 

1.83 
1,17 

39.85 

Treatmbnt. 

Number 
of  trees. 

Centers 
of  infeata- 

fyuita 

Leaves 
curled. 

21 
17 

5 

14 

No. 
569 
19 
295 
976 

3,086 

No. 
299 
11 
70 
710 
2,777 

No. 
2,0S1 

1,118 
3,736 
13,320 

Iin)e.3u]phur  and  nicotine  Bolutioii . . 

Nicotine  solution  and  aoap 

Sodium  sulphide  and  soap 

Carbolic  add  emuMon 

Check,  unqirayed  trees 
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The  table  plainly  indicates  that  on  both  Romea  and  mixed  varieties 
the  lime-Bulphiir  and  nicotine  gave  excellent  results,  excelled  only 
by  the  nicotine  and  soap,  which  has  somewhat  better  spreading 
qualities.  The  latter,  also,  of  the  four  combinations  used  on  bearing 
trees,  resulted  in  no  injury  whatever  to  foliage  or  fruit;  but  the 
injurious  effects  from  the  other  mixtures,  except  sodium  sulphide 
and  soap,  were  practically  negligible.  The  sodium  sulphide,  though, 
was  decidedly  injurious,  as  the  buds  treated  by  it  b^n  to  show 
brown  within  a  few  days  and  were  retarded  a  week  in  blossoming 
when  not  killed.  On  the  lower  branches  where  the  effects  of  the 
treatment  were  most  evident,  many  of  the  fruit  spurs  were  killed 
and  the  leaves  were  few  and  small.  The  trees  recovered  somewhat 
during  the  season,  but  gave  very  small  yields  of  fruit  and  still  showed 
other  signs  of  injury  at  picking  time. 

In  the  seedling  orchard  the  nicotine  and  soap  spra^was  somewhat 
more  rapidly  effective  than  lime-sulphur  and  nicotine,  though  the 
final  dEFects  of  the  two  combinations  were  not  markedly  different.  A 
new  preparation,  nicotine  solution  and  lime  alone,  was  also  tried, 
in  the  ^ort  to  find  something  that  would  serve  as  a  deterrent,  if 
not  as  an  actual  destroyer  of  the  aphis,  over  a  longer  period  than  that 
coverii^  the  activity  of  the  other  combinations,  TTiese  hare  prac- 
tically no  effect  after  the  mixtures  have  thoroughly  dried  on  the 
trees.  As  the  green  aphis  remains  on  the  apple  throughout  the 
season  and  migrates  from  tree  to  tree,  the  foliage  and  fruit  that 
have  been  cleared  of  the  pests  by  the  bud  spraying  may  become 
reinfested.  The  nicotine  and  lime  combination  makes  a  very 
adhesive  coating  on  the  trees  and  lasts  a  long  time.  It  is  apparently 
quite  effective,  but  the  invest^tion  has  not  been  continued  long 
enough  as  yet  to  justify  recommending  this  combination  as  an 
aphidicide   (plant-lice  destroyer). 

In  the  commercial  orchard  experiments  the  work 
Auziliaxy      was  mainly  under  the  supervision  of  A.  B.  Buchholz 

ezperimeiits.  and  L.  F.  Strickland,  Horticultural  Inspectors  of 
the  State  Department  of  Agriculture,  and  was 
designed  to  test  the  feasibility  and  efficiency  of  bud-spraying  in 
the  bands  of  growers.  The  same  principles  governed  the  work  as 
at  Geneva,  careful  observation  of  buds  to  note  condition  and  presence 
of  plant  lice,  and  thorough  drenching  when  the  tips  of  the  leaves 
were  just  showing  (April  21,  22  or  23)  with  lime-sulphur  and  nicotine. 

In  two  of  the  orchards  the  rosy  aphis  did  not  appear,  but  in  the 
other  eight  more  or  less  evidence  of  its  work  showed  on  the  check 
trees,  while  the  oat  aphis  and  green  aphis  were  quite  abundant 
in  some  orchards  and  in  scattering  numbers  in  almost  all  of  them. 
Aphis  injury  was  decidedly  reduced  on  the  sprayed  trees  in  every 
instance  where  check  trees  suffered  appreciably,  the  foliage  showing 
much  smaller  percentages  of  curled,  brown  or  yellow  leaves,  les.s 
defoliation  and  frequently  a  distinctly  better  setting  of  fruit.    The 
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general  condition  of  the  sprayed  trees  was  exceUent;  and  had  the 
outbreak  of  any  of  the  species  of  plant  Uce  been  a  bad  one,  un- 
doubtedly the  spraying  would  have  made  a  notable  difference  in 
the  crop  returns. 

Foimulas      The  following  insecticides  were  used  in  one  or  more 
and  methods,   of  the  experiments  discussed : 

(1)  lime-flulphur  and  uiootine  eoluticak: 

Lime-Bulphur  solutioii  (%l°  B.) 11  gab- 
Nicotine  Bolution  (40  per  et.) f  ^t. 

Watw 89  gab. 

(2)  Soap  and  oicotine  ecdution: 

Soap Slbs. 

Niootiue  Bolutkm  (40  pet  ct.) }  pint. 

Watw 100  gals. 

($  Sodhim  anlidtide  and  aow: 

Sodhim  sulphide  (56  p«  ct.  buI.) IS  Ibw. 

8oap 51be. 

Water 50  gala 

(4  Crude  carbolic-acid  emulsion: 

Soap 15lb«. 

Crude  earlxdic  add 1  pint. 

Water 100  gals. 

From  the  standpoint  of  safety  to  expanding  buds  and  leaf  tissues, 
and  effectiveness  against  insects,  the  most  satisfactory  combination 
is  three-fourths  of  a  pint  of  nicotine  solution  (40  per  ct.)  to  one  hun- 
dred gallons  of  lime-sulphur  solution  at  winter  strength  for  bud  treat- 
ment or  to  one  hundred  gallons  of  lime-sulphur  at  summer  strength 
with  arsenate  of  les,d  for  foliage  applications.  While  this  combina- 
tion lacks  somewhat  the  spreading  properties  of  soap  mixtures,  oil 
emulsions  or  nicotine  solution  with  soap,  this  deficiency  is  probably 
more  than  compensated  by  the  saving  in  labor  in  avoiding  an  extra 
application  and  by  the  thoroughness  of  spraying  in  the  bud  treat- 
ment when  lime-sulphur  is  directed  also  against  the  San  Jos£  scale. 
Drenching  of  the  trees  with  this  combination  as  the  buds  are  breaking 
may  injure  the  tips  of  the  unfolding  leaves.  However,  the  damage 
is  usually  inconsequential  and  should  cause  no  apprehension. 

Whatever  the  insecticide  selected,  great  care  should  be  taken  to 
apply  it  at  the  proper  time,  as  shown  by  the  condition  of  the  buds 
and  presence  of  the  lice,  as  discussed  on  previous  pages,  and  to  be 
thorough  in  the  work,  covering  every  part  of  the  buds  and  tender 
tissues  near  them. 

[Plates  XXXIII  and  XXXVI  illustrated  this  "  Popular  Edition."] 
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BREEDING  RASPBERRIES.* 

F.  H.  HALL. 

With  commercial  plant  breeders  the  origination  of 

Laws  of       profitable  new  varietiee  is  the  first  consideration. 

heredity       Unless  such  results  follow,  the  work  is  counted  a 

require  much  failure  and  is  usually  soon  discontinued.     At  some 

study.         experiment  stations,  however,  and  at  other  research 

institutions  and  breeding  grounds,  the  discovery  of 

the  laws  which  govern  the  inheritance  of  characters  and  knowledge 

of  the  way  those  laws  act  in  actual  practice  are  of  prime  importance, — 

the   immediate   development   of  new   varieties   merely   incidental. 

Were  this  not  the  case,  the  work  at  this  Station  with  raspberries, 

continued  now  for  more  than  twenty-five  years,  would  seem  of  Uttle 

coneequenee;  for  until  within  a  very  few  years,  from  thousands  of 

seedlings  grown,  less  than  half  a  dozen  varieties  of  merit  had  arisen, 

and  perhaps  only  two  that  are  decided  additions  to  the  list. 

But,  building  on  principles  and  methods  of  appUcation  made  clear 
by  the  earlier  work,  progress  in  originating  valuable  new  varieties 
has  been  much  greater  in  the  past  five  years  than  ever  before.  It  is 
believed  that  there  is  growing  on  the  Station  trial  plats  the  foundation 
stock  of  many  raspberry  varieties  better  than  any  now  grown. 

Yet  advance  in  knowledge  of  the  heritable  factors  that  make 
up  the  good  raspberry, —  black,  red,  or  purple, —  has  been  very  slow; 
for  these  characters,  though  apparently  simple  to  the  casual  observer, 
are  themselves  often  made  up  from  several  factors,  each  of  which 
exerts  an  infiuence  and  each  of  which  may  be  inherited  independently 
from  those  allied  to  it  or,  on  the  other  hand,  may  be  inseparable 
from  some  other  factor  with  which,  on  the  surface,  it  has  no  apparent 
connection. 

One    result     of     the     work     in    breeding    purple 
Purple         raspberries   has    been    to    prove    that    this    type 
raspberries     of  bramble  does  not  constitute  a  true  species,  Rvbua 
hybrids.        negle(±us,   but  that  such   plants  are  true  hybrids, 
or  descendants  of  hybrids,  between  the  black-cap 
and  the  red  raspberry.    Crosses  were  made  between  June,  a  Station 
red  seedling,  and  two  black-caps,  Cumberland  and  Smith  No.  1, 
giving  more  than  800  seedlings.    Many  of  these  seedlings,   par- 
ticularly those  from  Smith  No.  1,  were  very  promising,  with  bushes 
more  vigorous  than  those  of  either  parent,  with  large,  firm  fruit,  a 
little  later  than  that  from  the  parents,  and,  on  some  plants,  of  a 
rich,  glossy  ptirple. 
*  Areprint  (rf  "  Populw  E^(ii»  "  (rf BuUetin  No.  417;  fOT regular  ediUon BM  p.  481. 
[766] 


DMized  by  Google 


New  York  Agbicultural  EbcpEBiuBNT  Station.         767 

All  of  the  seedlings  from  June  and  Smith  No.  1  were  purple  rasp- 
berries; and  aU  but  a  few  of  the  June-Cumberland  cross  were  also 
purple-capa,  the  variants  being  yellow-fruited  berries,  due  to  a  hid- 
den factor,  or  factors,  for  that  color  in  the  black  of  Cumberland. 

Yet  Columbian,  a  purple  raspberry  whose  history  indicates  that 
it  came  from  dir«;t  crossing  of  a  black  and  a  red,  did  not,  when 
self-fertilized,  give  one-fourth  red  seedlings  and  one-fourth  black, 
as  would  be  expected  from  Mendel's  laws,  but  practically  all 
were  intennediate  in  character  Mid  almost  none  red  raspberries 
either  in  color  of  fruit  or  in  cane  characters,  and  none  showed 
any  tendency  to  propagate  by  suckers  as  does  the  red  raspbeny. 
In  attempting  to  secure  desirable  purple  raspberries. 
Varieties      it  seems  best  to  make  the  red-black  cross,  rather 

as  parents,  than  to  use  purples  themselves  as  parents;  and  for 
this  purpose,  as  well  as  for  crossing  within  the  colors 
and  for  "selfing"  (i.e.,  breeding  pure  seedlings  of  any  variety), 
the  choice  of  parent  varieties  is  very  important.  The  varieties  that 
do  best  in  the  commercial  or  home  plantation  do  not  always  give  the 
best  progeny,  and  vice  versa.  For  example,  Cumberland  would 
probably  be  ranked  ahead  of  Smith  No.  1  as  a  commercial  berry; 
yet  from  crosses  of  these  with  the  same  red  raspberry  twice  as  many 
seedlings  with  Smith  No.  1  as  a  parent  were  retained  for  toting  as 
of  those  with  Cumberland.  It  should  be  said  that,  crossed  with 
June,  even  Cumberland  gave  many  good  seedlings. 

As  a  parent  Marlboro  ranks  high.  Its  seedlii^  tend  to  produce 
early  fruit,  of  good  size,  often  rather  soft  and  frequently  lacking  in 
quality,  bushes  stocky  rather  than  sprawling,  rather  poor  as  pknt 
makers  and  often  with  a  tendency  toward  few  spines,  especially  when 
crossed  with  June,  one  of  its  own  progeny. 

Herbert  seedlings  lack  vigor,  produce  low-growing  plants  and  large, 
conical  berries,  which  are  sometimes  too  soft.  Herbert  should  be 
crossed  with  a  vigorous  variety  whose  fruit  needs  latter  size. 

Cumberland  ranks  poor  as  a  parent,  though  giving  good  results 
when  combined  with  Smith  No.  1.  Of  all  Cumberland  seedlings 
without  Smith  No.  1  influence,  only  7  per  ct.  were  retained. 

Hmith  No.  1  is  a  useful  parent.  Of  pure  seedhngs  of  this  variety 
and  of  purple  descendants  nearly  one-fourth  were  retained  for  a  second 
test,  and  of  s^lings  with  other  black-caps  30  per  ct.  showed  merit. 
The  qualities  transmitted  by  this  variety  appear  to  be  productive- 
ness, and  large  size,  fine  appearance,  firmness  and  good  quality  of 
fruit.  With  only  two  possible  exceptions,  its  prc^ny  indicate  that 
the  black  color  in  the  fruit  is  a  pure  character. 

Study  of  the  inheritance  of  fruit  color  indicates 

Are  fruit      that  neither  black  nor  red  is  pure  in  some  cases, 

colors   pure?   but  that  each  may  conceal  a  factor  for  yellow;  and 

that  each  may  aim  be  made  up  of  two  or  more  factors 

which  modify  or  limit  the  purity  of  the  basal  color.    Smith  No.  1  is 
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probably  a  pure  black,  but  Cumberland,  Hilborn  and  Palmer  each 
have  yellow  descendants  in  small  numbers;  while  Cuthbert,  Mariboro, 
Herbert  and  June,  amoiog  reds,  also  occa^onally  transmit  yellow. 

A  pure  black  crossed  with  a  red,  even  thoufyi  the  latter  carry  a 
yellow  factor,  will  give  only  purples. 

In  the  color-inheritance  studies  a  rather  interesting  and  possibly 
useful  correlation  of  characters  was  observed,  by  which  the  unde- 
sirabie  yellow-fruited  seedlings  of  any  cross  may  be  eliminated 
very  early.  In  red  crosses  the  distinction  is  very  pl^n,  but  when 
blacks  and  reds  are  imit«d,  separation  of  the  yellow  from  the  purple 
seedlings  is  a  little  more  difficult.  The  plants  which  produce  yeUow 
fruit  lack  the  reddish  tinge  on  the  upper  surface  of  the  young  leaves, 
which  is  a  marked  characteristic  of  the  red-fruited  varieties;  and  the 
gland-like  tips  of  the  leaf-serrations  also  are  light  yellowish  green  in 
color  instead  of  being  red  or  reddish.  On  the  purple-fruited  plants, 
the  reddish  markings  are  not  so  prominent,  either  on  leaves  or  glands; 
but  on  the  older  leaves  the  gland-like  tips  of  the  serrations  are 
always  red,  while  the  yellow-fruited  kinds  show  no  red.  It  is  also 
believed  that  no  red  or  purple  shows  on  the  dormant  canes  of  the 
yellow-fruited  plants.  * 

Glauoousness,    or   bloom,    on    raspberry   canes,  a 

Inheritance    characteristic  of  many  black-caps   and  some  red 
of  cane        raspberries,  and  the  roughening  of  the  bark  due  to 

characters,     shedding  of  the  outer  layer,  seen  on  so  many  reds 
and  a  few  blacks,   both  appear  to  be  Mendelian 
dominant  characters.     That  is,  if  the  factor  for  rough  bark  and  the 
factor  for  smoothness  of  bark  are  inherited  by  a  plant,  the  rough- 
bark  factor  will  prevail,  as  though  the  other  were  not  present. 

The  tendency  to  reduction  of  spines,  however,  does  not  inherit  in 

any  simple  Mendelian  ratio,  hence  it  is  believed  that  two  factors, 

possibly  more,  must  be  considered  in  the  production  of  a  spineless  cane. 

Smith  No.  1  transmits  spines  more  strongly  than  does  Cumberland. 

The   wild   thimble-beny    or    flowering    raspberry. 

Using  new  Rvbua  od(/ratus,  was  used  in  crossing  with  the  red 
species.  raspberry,  blackberry  and  dewberry,  but  with  most 
of  the  attempts  very  few  seeds  resulted.  With  the 
Herbert  red  raspberry,  however,  good  vigorous  seedlings  were  secured 
in  considerable  number.  These  show  plainly  that  they  are  true 
hybrids,  with  the  flowering  raspberry  habit  of  bush  and  charactet 
of  flower  but  with  leaves  palmate  hke  those  of  the  red  raspberry  while 
large  and  rough  like  those  of  the  thimble  berry.  These  seedlings 
flowered  abundantly  in  1915  but  set  few  fruits,  probably  owing  to 
absence  of  cross  pollination. 

The  success  of  such  hybrids  as  the  purple  raspberry  and  the 
loganberry  emphasize  the  desirability  of  work  in  hybridization;  and 
it  is  a  possibility  that  the  flowering  raspberry  may  become  a  "  go- 
between  "  by  means  of  which  to  unite  the  blood  of  several  specicA 
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WITLOOF  CHICORY.* 

F.  H.  HALL. 

Saladfi  are  now  very  popular  on  American  tables  as 

A  new  salad    they  have  long  been  with  European  epicures.    The 

plant  for       crispnees  and  dehcacy  of  a  wdl-made  aalad,  with 

New  YoA      the  novel  flavor  combinations  and  gustatory  thrills 

truckers.       made   possible   by   judicious   union   of   new  plant 

taates  and  aromas  with  the  mild  acids  and  rich  oils 

used  by  expert  chefs,  have  a  peculiar  appeal  to  delicate  palates, 

long  wearied  of  heavy  meats  and  v^etables  or  cloyed  by  rich 

desserts  and  pastries.     Consequently,  in  any  of  our  lai^  cities 

where  surplus  wealth  accumulates,  a  ready  market  exists  for  any 

salad  plant  that  pleases  at  once  both  eye  and  paJate. 

Such  a  plant  is  Witloof  chicory;  and  since  its  culture  in  New 
York  State  is  not  only  possible  but  practicable  and  easy  it  would 
aeem  that  market  gardeners  and  forcing-house  men  are  missing  an 
opportunity  for  a  nice  supplement  to  their  revenues  unless  they 
grow  it. 

Witloof  chicory  is  a  Belgian  development   of  the 

What  is       ordinary  chicory  whose  roots  are  used  as  a  coffee 

Wifloof        adiilterant  or  coffee  substitute  and  which  has  been 

cUcoiy  ?       cultivated  to  some  extent  in  America,  running  wild 

in  many  sections  to  become  a  pernicious  roadside 

and  pasture  weed  with  striking  blue  flowers. 

The  common  chicory,  or  succory,  has  often  been  forced  in  winter 
to  form  heads  or  loose  leaves  (Barbe  de  Capuchin)  for  use  in  salads 
or  to  be  cooked  for  "  greens  "  as  are  dandelions.  But  Witloof 
(White-leaved)  chicory  is  a  better  forcing  plant,  with  larger  roots 
than  the  common  chicory,  and  with  heavy,  broad  smooth  leaves 
that  make  very  attractive  heads  when  properly  grown.  The  plant 
is  also  known  as  Brussels  chicory,  from  its  supposed  place  of  origin, 
and,  improperly  but  most  commonly  in  the  markets,  as  "  French 
endive." 


'Araprintcrf"  Popular  Edition  "of  Bulletin  No.  418;  for  regular  edition  see  p.  510 
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Witloof  chicory  makes  very  atti'active  salads,  white,  crisp,  faintly 
bitter  but  with  a  characteristic  Savor  most  pleasing  to  practically 
all  palates.  The  heads  may  also  be  used  as  a  potherb,  similar  to 
spinach  or  dandelions,  but  are  more  delicate  than  either. 

Great  quautities  of  Witloof  chicory  have  been  grown  about  the 
larger  cities  of  Belgium  and  France  and  sold  for  local  consumption 
or  sent  to  Germany,  Switzerland,  England,  and,  recently,  to  the 
United  States.  Before  the  war,  Witloof  was  sold  in  London  markets, 
undoubtedly  with  profit,  at  from  4  to  8  cents  a  pound.  It  then 
brought  25  or  30  cents  a  pound  in  New  York  markets  and  now, 
because  of  restricted  growth  and  trajisportation  difficulties,  brings 
□early  double  these  prices. 

Realizing  these  conditions  it  seemed  wise  for  the 

Groiring       Station  to  ascertain   whether  Witloof  chicory  can 

the  plant.      be  grown  and  forced  readily  and  cheaply  in  New 

York  State.    Both  growing  the  plants  and  forcing 

the  heads  prove  to  be  easy  and  inexpensive. 

The  seed,  imported  for  these  tests  from  England  but  sold  by 
many  American  seedsmen,  is  not  expensive,  and  the  growth  of  the 
plants  to  form  forcing  roots  is  simple.  The  seed  may  be  sown  any 
time  in  May  in  open  ground,  in  rows  eighteen  inches  apart  and 
the  plants  later  thiimed  to  six  inches  apart  in  the  row.  Ordinary 
garden  culture  only  is  needed,  but  the  plants  should  make  a  steady 
luxuriant  growth,  resembling  large,  smooth-leaved  dandelions. 
The  roots  should  be  lifted  just  before  the  ground  is  liable  to  freeze, 
the  leaves  trimmed  to  within  two  inches  of  the  crown,  and  the 
roots  stored. 

When   needed    for   forcing,  —  January   3,    in    the 
Forcing        Station  test, —  the  roots  should  be  placed  in  beds 

Ihe  heads,  or  boxes  where  moderate  heat  con  be  applied,  first 
cutting  them  off  at  the  bottom  to  a  uniform  length 
of  8  or  9  inches.  For  holding  the  roots  any  soil  or  sand  will  do, 
since  the  growth  of  the  heads  is  from  the  food  stored  in  the  roots 
and  does  not  depend  at  all  on  the  soil  fertility.  The  roots  may  be 
set  quite  close  together,  but  not  touching,  upright  in  the  soil  and 
covered  to  the  crowns.  Various  materials  may  be  used  for  holding 
and  bleaching  the  heads  during  their  growth,  but  in  the  Station  tests 
eight  inches  of  clear  sand  was  used  with  splendid  results.  This  was 
placed  on  the  bedding  material  as  soon  as  the  roots  are  set.  One  or 
more  free  applications  of  water  should  be  made. 

From  experiments  at  different  temperatures,  from  50°  to  60°  F. 
would  seem  to  be  desirable,  the  latter  probably  preferable  ance 
growth  is  slower  at  the  lower  temperature.  Higher  temperature 
than  60"  for  any  considerable  period  causes  the  leaves  to  ^oot  up 
rapidly  and  decreases  the  proportion  of  solid  heads. 

At  these  temperatures  the  leaves  should  b^n  to  show  through 
the  eight  inches  of  sand  in  about  two  weeks,  when  the  heads  are 
ready  for  harvesting. 


ilized  by  Google 


New  York  Aohhultural  Experiment  Station.  771 

In  the  Station  tests  four  gmdcs  of  roots  were  used; 
Roots  and      Extra,  averaging  2  inches  in  diameter,  I<arge,  1.4 
heads.         inches,  Medium,  0.9  inch,  and  Small,  0.6  in(^.    Of 
these  the  Large  and  Medium  roots  gave  more  than 
70  per  ct.  of  marketable  heaifi,  while  the  Extra  roots  produced  too 
many  divided  and  loose  heads,  or  heads  too  large  to  serve  satis- 
factorily as  individual  portions  at  table.     The  small  roots  produced 
many  small  heads,  too  slender  for  market  purposes.     The  heads 
should  be  from  four  to  six  inches  long,  and  weigh  two  to  three  ounces 
to  suit  the  market  best.    In  Europe  they  are  packed  in  baskets 
holding  10  kilc^rams  (22  Iba.);  but  the  illustration  on  the  title  page 
shows  a  filled  3  lb.  Climax  basket,  which  makes  a  very  satisfactory 
package  for  small  American  markets. 

The  heads  grown  in  these  experiments  were  pronounced  excellent 
by  local  grocers  who  have  handled  imported  Witloof ,  and  far  superior 
to  the  foreign  product  in  crispness  and  delicacy. 

[Plates  LXXV  and  LXXVII  were  u-sed  to  illustrate  this  edition! 
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THE  CABBAGE  MAGGOT  AND  ITS  WORK.* 

F.  H.  HALL. 

More  than  cifchty  years  ago  the  cabbie  maggot 
An  old  foe     was  described  in  Europe  as  a  pest  of  crucifratnis 
from  crops.     It  has  been  known  in  America  nearly  as 

~  long,  but  undoubtedly  came  from  England  or  the 

Continent  some  time  before,  possibly  as  lame  in 
tumips  brought  over  for  food  on  shipboard,  but  much  more  likely 
in  the  pupal  form  in  sand  used  for  ballast,  which  had  been  taken 
from  places  where  cabbages,  mustard  or  cruciferous  weeds  had  grown. 
In  all  northern  latitudes  where  cabbage  ^rives,  the  maggot  is 
one  of  the  most  serious  pests  of  this  crop  akd  its  relatives,  cauli- 
flower, radish,  turnip,  etc.;  but  it  does  little  Iwrai  south  of  46  d^^rees 
latitude  in  North  America  or  40  de^ees  in  Europe.  During  certain 
seasons  it  is  very  destructive,  while  at  other  times  it  becomes  so 
reduced  in  numbers  by  weather  conditions  and  the  work  of  its  natural 
enemies  that  the  damage  it  does  is  hardly  noticeable. 

As  a  cabbage  pest  in  America,  the  insect  affects  the 

WoA  of       early  crop  in  the  field  and  the  late  crop  in  the  seed 

maggot  on     bed.    The  mature  insects,  which  are  fiies,  feed  on  the 

cabbage.       nectar  of  flowers,  the  sweet  exudations  of  planls 

or  the  juices  of  over-ripe  fruit,  but  do  no  partictdar 

harm  by  their  feeding.    The  e|^  are  laid,  usually  below  ground, 

where  the  young  larvte  can  feed  on  those  parts  of  the  plants  that 

lack   the   green   coloring   matter,   or   chlorophyl.     Not  many  true 

ma^ots  feed  on  Uving  tissue,  but  those  of  this  species  rasp  and 

tunnel  and  burrow  in  the  roots  and  undei^round  parte  of  the  stems 

of  cabbage,  cauliflower,  radishes,  mustard  and  mustard-like  weeds, 

so  that  the  plants  are  stunted,  deformed  and  killed.    Another 

closely  allied  species  works  on  the  onion. 

The  work  of  this  insect  on  cabbage  plants  in  the  seed  bed  was 
described  in  detail  in  Bulletins  301  and  334  of  this  Station,  with 
experiments  that  proved   screenit^  the  beds  the  best  and   most 

*  A  nprinl  of  "  Popular  EdJtioa  "  of  Bulletin  No.  419;  for  regular  editioa  aee  p.  340. 
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eeonomical  method  of  preventing  damage;  and  in  Bulletin  No.  382  the 
use  of  tar-paper  pads  was  recommended,  after  very  succeeaful 
experimental  trials,  for  the  prevention  of  injmy  to  early  cabbage  in 
the  field.  A  future  publication  will  discuss  uie  work  and  control 
of  the  insect  on  radishes. 

The  present  bulletin  deals  principally  with  points  in  the  life 
hiatory  of  the  maggot,  previously  obscure  or  in  dispute,  to  which 
study  has  been  gjven  for  from  three  to  five  or  more  seasons. 

The  insect  passes  the  winter  in  the  pupal  stage, 
Life  mainly  if  not  exclusively;  the  pupse  change  in  me 

histoiy  in      spring  to  flies,  which  begin  to  emerge  about  the 
brief.  time  Windsor  cherries  blossom  and  may  continue  to 

appear  for  three  or  four  weeks.  They  deposit  eggs 
very  promptly,  and  these  hatch  in  from  three  to  five  days.  The 
larvEB  feed  about  three  weeks  under  ordinary  conditions  and  then 
chai^  to  pupffi,  in  which  form  they  remain  about  two  weeks, 
noRnally,  alter  which  the  flies  again  appear.  This  successioQ  is 
repeated  once  or  twice  during  the  season,  occasionally  more,  so  that 
the  insect  is  usually  three-brooded,  but  may  be  two-brooded,  or, 
under  very  unfavorable  conditions,  one-brooded,  while  with  exception- 
ally favorable  weather,  a  partial  fourth  brood  may  be  produced.  Of 
course  the  papse  of  the  fall  brood  live  longer  than  the  normal  two 
weeks,  mnce  they  hibernate;  and  occasionally  pupse  of  the  earlier 
broods  may  undergo  the  same  experience. 

The  egg  is  about  one  twenty-fifth  of  an  inch  long  and 

The  egg       one-third  as  thick,  is  glistening  white  in  color,  but 

and  marked  with  irregular  longitudinal  furrows.    It  is 

^g-laying.  usually  placed  just  below  the  surface  of  the  ground 
on  the  roots  of  cruciferous  plants,  the  choice  of  loca- 
tion being  apparently  determined  more  by  the  succulence  of  the  tissue 
than  by  Uie  variety  of  plant.  The  female  examines  various  locations 
with  tiie  tip  of  the  extended  ovipositor,  and,  under  observation,  none 
has  ever  deposited  more  than  one  egg  in  a  place;  but  the  presence 
c^  eg^  in  clusters  indicates  that  frequently  many  more  than  one 
are  laad  at  a  time.  How  many  ^gs  each  female  lays  cannot  be 
stated  definitely,  since  none  of  the  lai^  number  of  caged  females 
oviposited,  though  given  apparently  favorable  conditions  for  doing 
80.  It  is  probable,  however,  as  ii^erred  from  the  eggs  present  in 
dissected  females,  from  the  apparent  condition  of  the  ovaries,  and 
from  comparisons  with  other  flies,  that  each  female  may  lay  from  50 
to  200  («gB. 

The  Bg^  hatch  normally  in  about  three  and  a  half  days,  but  the 
time  may  be  hastened  half  a  day  by  favorable  conditions  or  retarded 
even  more  by  unfavorable  ones.  In  experimental  tests  increase  in 
temperature  up  to  about  80°  hastened  development,  but  no  ^gs 
hatdied  when  the  temperature  was  105"  or  624*,  "Of  when  the  eggs 
were  kept  in  dry  sand  or  exposed  to  hght  and  air. 
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The  larvse  are  whitish  m^gots,  slightly  larger  than 
Larva.         the  ^^  on  emergence,  anoincreflsiiig  in  size  through 

three  fltages  until  they  are  from  one-tenth  to  three- 
tenths  of  an  inch  long  and  from  one  twenty-fifth  to  one-twelfth  of  an 
inch  in  diameter,  roughly  cylindrical  in  form,  tapering  shghtly  toward 
the  head.  The  later  stagee  are  marked  by  tubercles  on  various  parts 
of  the  body,  whose  arrangement  and  form  serve  to  identify  the  insect 
in  the  larval  st^e,  since  it  differs  from  the  larvre  of  other  flies  only 
in  such  small  points.  The  variation  in  size  of  the  last^-stage  larvse 
and  the  resulting  pupte  is  due  to  the  fact  that  stress  of  circumstances, 
such  as  scarcity  of  food  or  unfavorable  weather,  causes  the  larvse 
to  pupate  when  only  one-third  to  one-half  the  size  they  m^^ht  attain. 

When  changing  to  this  quiescent  stage,  the  pupa 
Pupa  and  form,  the  skin  of  the  larva  hardens  and  contracts, 
pi^iaiiiini.      formiag  a  shell-like  case,  the  whole  looking  much 

like  some  kind  of  a  seed  with  irregular  protuber- 
ances where  the  tubercles  of  the  larva  were.  Within  this  puparium 
the  pupa  changes  to  the  adult  form.  In  this  stage  the  greatest 
variation  in  length  of  the  period  of  development  occurs.  Aside 
from  the  hibernation  of  the  pups  of  the  last  brood,  and  probably 
of  occasional  individuals  of  earlier  broods,  which  prolongs  the  pupal 
life  for  months,  the  normal  two-week  period  may  be  varied  to  quite 
an  extent  by  weather  conditions.  In  tests  on  large  numbers  of 
pup%  kept  where  moisture  and  temperature  could  be  varied  within 
quite  definite  limits  it  was  found  mat  ordinary  differences  in  the 
soU  moisture,  though  quite  wide,  do  not  alter  the  length  of  the 
pupal  period  after  development  has  begun;  but  that  a  marked 
deficiency  of  moisture,  such  as  would  cause  a  noticeable  shrinkage 
of  the  insect  within  the  puparium,  would  retard  its  development. 
High  temperature,  such  as  often  occurs  during  the  summer  months 
in  western  New  York,  b  imfavorable  to  normal  growth  of  the  pupa, 
as  well  as  injurious  to  the  larva,  and  seems  to  cause  a  retardation 
in  development  which  may  last  until  low  temperature  returns.  It 
is  undoubtedly  this  factor  that  does  most  to  decrease  the  number 
of  broods  in  certain  seasons. 

While  these  wide  variations  in  heat  and  moisture  have  a  geaer^ 
effect  upon  the  pupae,  there  seems  to  be  a  decided  difference  l«tween 
individuals,  so  ^at  a  few  pupae  when  subjected  to  hi^  temperatures 
mature  more  quickly  than  under  normal  conditions,  while  others, 
as  indicated,  "  aestivate,"  or  become  dormant  through  some  of  the 
summer  months,  just  as  others  hibernate  through  the  winter  months. 
It  would  seem  that  Nature  insures  the  survival  of  enough  individuals 
to  continue  the  species,  no  matter  how  severe  the  weather  conditions 
may  be. 

The  pupsc  are  usu^y  to  be  found  from  two  to  three  inches  below 
the  surface  of  the  soil,  and  within  about  the  same  distance  or  perhaps 
a  little  more  from  tt^  roots  of  the  plants  on  which  tJhey  have  be^ 
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feeding.  They  may  occasioDolly  be  found  in  small  numbers  in  hiding 
places  upon  the  stumps  of  the  cabbage  left  in  the  field  after  the  heads 
nave  been  removed,  as  the  succulent  buds  and  sprouts  arising  from 
such  stumps  appear  to  be  a  favorite  feeding  place  for  larvte  of  the 
late  fall  brood.  Removal  and  destruction  of  such  cabbage  refuse, 
and  reduction  of  the  number  of  mustard-like  weeds  in  cabbage-grow- 
ing districts  will  undoubtedly  aid  materially  in  reducing  the  numbers 
of  the  pest. 

Though  the  pupte  usually  Ue  only  a  short  distance 
Adult.         below  the  surface  of  the  soil,  the  adults  can  penetrate 

many  inches  of  earth.  In  plowing  tests,  turning  the 
soil  either  six  or  nine  inches  d:«p  did  not  interfere  seriously  with  the 
emergence  of  the  flies,  either  by  reducing  their  numbers  or  greatly 
delaying  the  time  of  appearance.  In  pots,  larger  percentages  of 
flies  emerged  when  the  pupse  were  buried  10  or  12  inches  in  lightly 
compacted  clay  loam  than  when  covered  with  only  2  or  4  inches  <% 
the  soil. 

The  male  fly  is  dark  in  color,  with  gray  markings,  thickly  covered 
with  fine  hairs  or  bristles.  The  position  of  the  tilfts  of  bristles  is  an 
identification  mark  for  the  spetiies.  The  female  is  lighter  in  color 
than  the  male,  less  bristly,  as  a  whole,  and  lacking  the  particular 
tuft  of  bristles  on  one  of  tJie  pairs  of  legs  which  serves  to  identify 
the  male. 

Hot,  dry  weather  in  late  summer  and  early  fall  is, 
EnenUra.       without  doubt,  the  greatest  factor  in  diminiBhing 

the  numbers  of  the  cabbage  maggot;  but  certuin 
insects  play  a  very  prominent  part  in  checking  it.  Among  these 
are  small  beetles  of  the  genus  Aleockara,  of  which  the  immature 
forms  of  at  least  one  species  are  probably  parasitic  in  the  larvs, 
while  the  mature  beetles  feed  upon  that  and  other  stages.  The  life 
history  of  other  beetles  of  this  group  is  not  well  known,  but  several 
species  of  them  were  either  bred  from  cabbage-maggot  larvse  or  found 
in  such  close  connection  with  the  pest  in  some  of  its  stages  as  to  justify 
the  conclusion  that  they  attack  it.  In  England  twenty-five  per  ct. 
of  the  pupse  of  the  cabbage  maggot  examined  by  one  investigator 
were  found  to  be  infested  by  beetles  of  this  group. 

Another  enemy  of  the  maggots  is  a  minute  wasp-like  insect  which 
lays  its  e^^  on  or  in  the  host,  bo  that  the  young  of  the  parasite 
feeds  upon  and  destroys  the  pupffi.  On  a  screened  cabbage-bed 
near  Geneva,  nearly  one-fourth  as  many  adults  of  ihia  parasite  were 
collected  as  of  the  maggot  flies. 

A  mite  also  attacks  the  eggs  and  has  been  known  to  destroy  targe 
numbers  of  them;  in  one  instance  three  of  the  mites  destroyed  twenty- 
eight  e^B  of  the  maggot  fly  in  a  mngle  day.  This  mite  is  numerous 
in  the  cabbage  fields  about  Geneva,  and  while  exact  data  regarding 
its  work  were  not  secured,  it  must  have  been  very  active  as  an  ^g- 
destroyer,  since  as  mai^  as  200  maggot-fly  eggp  a  day  were  known 
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to  have  been  deposited  about  the  cabbage  plants;  yet  this  mite  and 
other  enemies  of  the  insect  so  reduced  Uie  numbers  that  very  little 
injury  was  done  to  the  cabbages. 

To  control  the  cabbage  maggot  about  early  cabbage 

Controlling  the  most  effective  means  tested  has  been  the  use  of 
cabbage  small  hexagonal  pads  or  collars  of  singe-ply  tai^ 
maggot  paper.  These  are  cut  with  a  slit  from  the  edge  to 
the  center  and  shorter  slits  about  the  center  so  that 
they  can  be  placed  about  the  plants  shortly  after  they  are  set,  fitted 
about  the  stem,  and  pressed  close  to  the  ground.  The  flies  then  cannot 
reach  the  roots  by  crawling  down  the  stem  or  along  the  surface  of  the 
soil.  These  pads  can  either  be  purchased  at  a  small  price,  or  made  at 
home  by  cutting  from  the  roll  of  tar  paper  with  a  ^mple  tool.  Apply- 
ing them  is  a  simple,  rapid  and  inexpensive  process,  and  the  proteo- 
tioQ  afforded  is  so  good  thatf  the  use  of  the  pads  is  very  profit- 
able in  seasons  when  the  maggots  are  abundant.  Injection  c^ 
carbolic-acid  emulmon  about  the  roots  of  the  plants  has  often  been 
recommended,  but  in  tests  made  at  the  Station  the  emulsion  in 
strength  great  enough  to  destroy  the  maggots  was  also  injurious  to 
the  cabbie  plants. 

For  many  ye&ts  in  certain  cabbage-crowing  sections  of  New  York 
it  has  been  almost  impossible  to  secure,  in  open  seed  beds  of  reason- 
able size,  enou^  plants  to  set  the  cablMUge  fields  planned;  while  pui^ 
chase  and  shipment  of  the  plants  from  outade  the  State  is  expenrave. 
In  early  tests  by  private  growers,  screening  the  beds  with  cheesecloth 
did  not  prove  very  effective ;  since  it  was  not  then  realized  how  care- 
fully the  protection  must  be  arranged  to  exclude  the  insects. 

Station  tests,  however,  proved  that  a  well-adjusted  screen  would 
not  only  exclude  the  maggot  Hies,  but  also  shut  out  the  fiea  beetles 
tliat  are  nearly  as  injurious,  and  would  give  larger,  earlier  and  better 
plants  through  the  rffect  of  the  screening  on  moisture  and  other  con- 
ditions in  the  bed. 

The  practice  is  now  very  general  over  large  parts  of  the  cabbage- 
growing  areas  of  the  State  and  there  regarded  as  indispensable.  'Ilie 
cost  is  less  than  the  amoimt  spent  for  extra  seed  under  the  old  con- 
ditions and  the  protection  can  easily  be  made  perfect.  Level  soil 
should  be  selected  for  the  beds,  as  free  as  possible  from  weeds  and 
free  from  cabbage  diseases.  It  should  be  thoroughly  prepared  and 
well  fertilized  before  laying  out  the  bed  and  putting  up  the  screening, 
since  further  cultivation  is  not  possible.  Boards  six,  eight  or  ten 
inches  wide  may  be  used,  united  by  tight  joints  at  the  ends  and  pressed 
firmly  upon  or  into  the  soil  so  that  no  insects  may  enter  at  the  ends 
or  below  the  boards.  Any  low  spots  in  the  ground  beneath  the 
boards  should  be  filled  and  the  dirt  banked  sightly  along  the  bottom 
(tf  them. 

Cheesecloth  of  20  to  30  threads  to  the  inch  is  stretched  ti^tly 
over  the  bed,  before  the  plants  appear  and  attached  to  the  boards 
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80  no  insects  can  enter  along  the  edges.  If  the  bed  is  large  the 
clotli  must  be  kept  from  Bagging,  whidi  is  beet  done  by  galvanized 
iron  wires  4  or  5  feet  apart  lengthwise  the  bed  supported  by  flat- 
topped  stakes  to  which  tlie  wites  are  attached  by  staples,  galvanized 
to  lessen  danger  of  rusting.  The  cheesecloth  should  be  removed 
ten  days  or  so  before  the  plants  are  to  be  set,  so  that  they  may 
hard^.  If  examination  of  the  earth  about  the  plants  shows  that 
e^s  of  the  m^^t  flies  are  being  laid,  the  plants  should  be  set  at 
once,  shaking  off  the  ^gs  with  l£e  soil. 
[Plates  XLII  and  XLVI  were  used  to  illustrate  this  edition.] 
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SOMK  DISAPPOINTING  SEED  POTATOES.* 

F.  H.  HALL. 

In  the  spring  of  1914,  the  Station  received  tubers 
Sudden        of  severEd  varieties  of  potatoes  grown  in  this  State 
"  running  out "  under  the  supervision  of  the  United  States  Depart- 
of  strains,      ment  of  Agriculture.    These  potatoes  iiad  been  pro- 
duced during  the  very  dry  season  of  1913,  but  the 
plants  on  which  they  grew  were  apparently  healthy  and  the  tubers 
were  mostly  of  nonnal  shape,  fair  aize  and  good  appearance.     They 
were  planted  with  the  hope  of  securing  seed  from  them  for  breeding 
experiments;  but  many  of  the  resultant  plants  were  so  abnormal  that 
it  was  unmistakably  not  wise  to  use  any  of  them  as  foundation  stock 
for  breeding  work. 

The  entire  crop  was  turned  over  to  the  Botanist  that  he  might 
study  the  diseases  or  troubles  that  led  to  the  sudden  development 
of  the  abnormalities.  He  selected  one  variety,  Green  Mountain  Jr., 
for  special  study,  of  which  about  half  the  plants  were  abnormal 
and  the  others  apparently  normal.  The  tubers  from  these  plants 
gave,  in  1915,  about  360  plants  of  which  only  about  one  in  thirty 
was  normal.  That  ia,  this  particular  strain  of  potatoes  had,  in 
two  years,  so  "  run  out "  from  obscure  causes  that  it  was  worthless. 
Some  of  the  troubles  noted  have  been  given  the  names  of  spindling- 
sprout,  curly-dwarf,  mosaic,  and  leaf-roll;  but  though  these  trouble 
l^ve  been  much  studied,  both  at  this  Station  and  elsewhere,  and 
both  before  and  since  this  marked  instance  of  their  occurrence, 
little  is  really  known  as  to  their  cause  or  causes,  or  their  relation^p 
to  each  other. 

The  other  varieties  received  from  the  same  source 

Other  aa  the  Green  Mountain  Jr.  were  not  given  such 

instances       careful  study;  but  were  grown  under  the  Botanist's 

of  observation  and  gave  very  similar  results.     Of  the 

deterioration.   State  of  Maine,  tubers  from  six  abnormal  and  four 

apparently  normal  hills  were  planted,  resulting  in 

77  plants  of  which  only  9  were  normal;  of  Carman   No.  2,  40  of 

42  plants  from  two  "  normal "  hills  were  apparently  all  right,  but 

*  A  rei^iDt  of  "  Pt^iulai  E£tiin  "  of  BuUetin  No.  423;  fw  regolai  oditimi  He  p.  97. 
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the  other  two  were  affected  with  mosaic  and  one  was  a  dwarf;  of 
Long  Island  Wonder,  only  one  plant  was  normal  out  of  72  from 
equ^  numbers  of  "  normal "  and  abnormal  hills  of  the  previous 
year.  This  one  plant  was  from  the  bud-end  seed  piece  of  a  tuber 
and  the  plant  from  the  stem-end  piece  of  the  same  tuber  was 
severely  affected  with  mosaic.  Of  the  variety  Knoxal,  tubers  from 
normal  hills  gave  normal  progeny,  those  from  abnormal  hills  small 
plants  affected  with  mosaic;  of  Rural  New  Yorker  No.  2,  only  one 
hill  of  those  apparently  normal  in  1914  gave  all  normal  progeny 
in  1915,  the  other  two  giving  larger  or  smaller  proportions  of  dwarf 
OF  mosaic  plants;  and  similar  conditions  marked  the  plants  grown 
from  Late  Victor  tubers. 

The  variety  Ionia,  from  another  source,  behaved  in  the  same 
peculiar  manner.  The  plants  from  one  normal  hill  gave  a  remark- 
ably good  yield  of  potatoes,  atrthe  rate  of  419  bushels  to  the  acre; 
but  the  tubers  were  of  variable  shape,  not  at  all  typical  of  the 
variety.  Plants  from  another  hill  were  of  fair  size,  but  not  quite 
normal;  while  many  of  those  from  tubers  of  the  third  "  normal 
hilt "  were  small,  with  very  hght  green  foliage  and  symptoms  of 
leaf-roll.  Contrary  to  the  usual  experience,  one  of  four  plants 
from  four  tubers  of  an  abnormal  hill  was  large,  normal,  bore  dwk 
green,  healthy  foliage,  and  produced  almost  four  and  a  half  pounds 
of  tubers. 

Another  unknown  variety,  affected  with  leaf-roll  in  its  original  local- 
ity, furnished  19  tubers  for  planting  at  Geneva;  and  every  plant  was 
affected  with  the  same  trouble,  with  no  signs  of  mosaic  or  curly-dwarf. 

A  single  tuber  of  Pride  of  Vermont,  from  a  crop  that  won  second 
prize  in  a  potato  growing  contest  in  Connecticut,  was  planted  in 
Geneva  in  1913;  its  entire  progeny  was  used  for  seed  in  1914,  and 
the  pn^ny  of  three  hills  again  used  in  1916.  The  yield  of  the 
variety  had  continually  decreased,  without  notable  signs  of  plant 
deterioration  except  some  rolling  of  the  lower  leaves,  until,  in  the 
third  year,  a  40-foot  row  produced  only  7J  pounds  of  tubers- 
Other  tubers  of  the  1914  crop  left  in  the  cellar  to  sprout  showed 
unmistakable  signs  of  "  spindling-sprout." 

A  tuber  of  Green  Mountain,  from  the  crop  that  won  first  priae 
in  the  contest  mentioned  above,  was  planted,  producing  only  one 
hill  the  first  year  owing  to  an  accident.  This  gave  a  heavy  yield 
and  the  progeny  was  used  for  seed  the  second  year,  1914.  The 
plants  were  all  apparently  normal  except  for  a  slight  browning  of 
the  leaf  edges;  but  the  yield  was  not  what  was  expected.  In  1915 
the  tubers  of  part  of  the  crop  of  1914  were  divided,  and  grown  in 
three  localities  —  Maine,  Long  Island,  and  northeastern  New  York. 
In  all  three  places  large  proportions  of  abnormal  plants  appeared, 
those  in  both  New  York  locahties  showing  marked  dwarfing  but 
not  true  curly-dwarf,  those  in  Maine,  curly-dwarf  and  spindling- 
sprout,  with  some  cases  of  mosaic. 
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As  the  troubles  mentioned  are  so  obscure,   it  is 

CondUBions.  not  thought  best  to  ^ve  any  description  of  them 
here ;  but  some  general  conclusions  relative  to  ttuir 
behavior  may  be  of  interest,  since  the  simultaneoua  "  running  out  " 
of  so  many  strains  of  potatoes,  with  the  development  of  symptoms 
of  one  or  more  of  the  troubles,  gave  an  excellent  opportunity  to 
test  the  liability  of  their  transmissioo. 

It  is  believed'  "  that  leaf-roli,  eurly-dirarf  and  mosaic  are  closely 
related  disorders  due  to  the  same  general,  undetennined  cause. 
In  some  respects  they  behave  like  bud-varieties;  but  they  present, 
also,  important  points  of  difference.  All  are  transmitted  through 
the  seed  tubers.  The  progeny  of  affected  plants  almost  invariably 
become  affected. 

"  The  heredity  of  spindling-sprout  is  still  imdetennined  and  its 
cause  is  largely  a  matter  of  conjecture.  However,  it  may  be  stated 
that  spindling-sprout  is  not  correlated  with  leaf-roll,  mos^c  or 
curly-dnjirf. 

"  There  is  no  evidence  that  any  one  of  the  four  forms  of  degener- 
ation named  is  communicable  from  one  plant  to  another  except 
through  the  medium  of  the  seed  tubers.  They  are  not  due  to  any 
parasitic  organism.  Neither  are  unfavorable  soil  or  weather  condi- 
tions of  the  current  season  respxinBible, 

"  In  general,  plants  from  different  tubers  of  the  same  plant  are 
»milar;  also,  plants  from  different  eyes  of  the  same  tuber  usually 
resemble  each  other  closely;  but  exceptions  to  both  rules  are  frequent. 

"  Various  combinations  of  normal,  mosaic,  leaf-roll  and  curly- 
dwarf  plants  may  be  obtuned  from  the  several  tubers  of  one  plant 
or  even  from  the  several  eyes  of  one  tuber. 

"  The  best  known  method  of  combating  leaf-roU 

Bearfaig  on     and  curly-dwarf  is  that  of  using  for  seed  only  tubers 

seed  potato  of  normal  plants.  Undoubtedly,  these  and  some 
selection.  other  forms  of  disease  and  degeneration  may  be 
largely  eliminated  by  the  judicious  selection  of 
seed.  Many  potato  growers  who  raise  their  own  seed  potatoes 
practice  hill-selection  with  satisfaction  and  profit;  and  those  who 
buy  their  seed  are  beginning  to  took  upon  certified  seed  potatoes 
as  the  best  solution  of  their  seed-potato  problem.  The  subject  of 
seed  selection  is  one  of  much  interest  at  present.  What  Ught  does 
this  study  throw  upon  it? 

"  First:  It  is  plain  that  high  yield,  alone,  is  not  a  guaranty  of 
productivity  in  the  pr<^ny  of  the  following  season.  Neither  is 
the  possession  of  normal  foliage  by  a  plant  a  sure  indication  thai 
it«  progeny  will  be  normal.  Degeneration  may  occur  quite  suddenly. 
This  is  one  reason  why  "selected"  seed  and  "certified"  seed 
sometimes  fail  to  give  satisfaction. 

'  lUmainder  of  cUseusnon  quoted  direolly  (rom  Bulletin  422,  by  F.  C.  Stewart. 
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"  Second:  It  is  imsafe  to  select  seed  potatoes  from  fields  in 
which  the  plants  are  very  uneven  in  uze.  The  small  plants  in  such 
fields  aie  usually  degenerates  and  their  appearance  ir  large  numbers 
is  aa  indication  that  the  strain  is  in  the  process  of  degeneration. 
Even  the  normal  plants  in  such  fields  may  produce  worthless  progeny, 
as  happened  with  Green  Mountain  Jr.,  and  some  other  varieties 
in  our  experiments. 

"  Third:  The  mosaic  dise^e  threatens  to  become  an  important 
factor  in  the  production  of  seed  potatoes.  It  is  very  common  in 
the  seed-potato  fields  of  Maine  and  northern  New  York.  Long 
Island  buyers  of  northern-grown  seed  suffer  heavy  losses  from  it. 
Through  experiments  [of  another  investigator}  and  observations 
recorded  in  this  bulletin,  it  has  been  establl^ed  that  moscuc  is 
transmitted  through  the  seed  tubers.  Hence,  it  is  important  that 
all  Beverely-affected  plants,  at  least,  be  eliminated  from  seed-potato 
fields.  It  is  not  yet  clear  as  to  what  may  be  expected  of  the  progeny 
of  plants  slightly  affected  with  mosaic.  If,  as  now  seems  probable, 
tubers  of  shghtly-aftected  plants  are  liable  to  produce  worthless 
mosaic  dwarfs,  it  will  become  necessary  to  make  very  strict  rules 
regarding  mosaic  in  the  inspection  of  certified  seed  potatoes. 
Unfortunately,  mild  cases  of  mosaic  are  frequently  difficult  of 
detection. 

"Fourth:  It  is  often  stated  that  potatoes  will  not  'run  out'  if 
rigorous  seed  selection  is  practiced.  The  writer's  experiences  with 
the  degenerate  strains  herein  described  lead  him  to  question  the 
accuracy  of  this  statement.  It  seems  impossible  that  the  degener- 
ation of  the  Green  Mountain  and  Pride  of  Vermont  described  on 
pages  [3  and  6]  could  have  been  prevented  by  any  method  of  seed 
selection.  It  is  our  opinion  that,  under  certain  conditions,  potatoes 
will  '  run  out '  in  spite  of  anything  which  can  be  done." 

[Plates  VII  and  VTII  were  used  to  illustrate  this  edition.) 
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SOME  NEW  OR  RAEE  FRUIT  PESTS.* 

F.  H.  HALL. 

Such  peets  as  San  Jos€  scale,  codlin;;  moth,  pear 
Minor  pests  psylla  and  plum  curculio  will  probably  always  receive 
sometimeB  most  attention  from  both  fruit  growers  and  economic 
destmcttre.    eutomolofrists;  for  they  are  ever  present  and  liable 

at  any  time  to  do  Berious  damage  to  fruit  crops. 
Other  Bpeciea  occasionally  become  prominent  and  for  a  season  or  two 
may  be  so  very  numerous  and  destructive  that  their  presence  over- 
shadows the  work  of  the  more  common  insects,  as  during  outbreaks 
of  army  worm  or  tent-caterpillars.  Still  other  species  come  from 
abroad  and  gradually  develop  until  they  become  major  pests,  others 
feed  ordinarily  upon  plants  of  no  economic  importance  but  occasion- 
ally make  inroads  upon  orchards  or  berry  patches  to  the  great 
detriment  to  their  owners,  and  still  others  are  so  restricted  to  isolated 
localities  that  they  seldom  come  to  public  notice.  It  is  to  these  last 
classes  of  pests  that  this  bulletin  refers,  and  the  investigations  relative 
to  them  have  been  incidental  rather  than  CELrefully  planned  and  are, 
therefore,  lees  complete  than  those  relating  to  the  major  fruit  insects. 

Several  years  ago  it  was  found  that  orchard  ermine 
An  immignuit  moths  were  being  introduced  into  this  State  from 
to  be  feaied.    Europe  in  their  neats  on  nursery  stock.    These 

pests  had  been  unknown  in  this  country,  at  least 
in  any  but  aolated  cases,  previous  to  this  time;  but  in  their  native 
homes  they  are  so  destructive  and  they  were  found  in  such  numbers 
on  the  foreign  nursery  stock  that  the  situation  was  quite  alarming. 
The  attention  of  State  and  Government  inspectors  was  called  to  the 
danger,  and  foreign  authorities  were  warned  not  to  allow  infested  stock 
to  he  shipped.  The  measures  adopted  seemed  quite  effective  for 
a  few  years,  as  comparatively  few  insects  or  nests  were  found  in  1912 
or  1913.  During  1914  and  1915,  however,  large  numbers  of  the  insects 
have  entered  the  country;  since  the  inspectors  of  the  State  Depart- 
ment of  Agriculture  found,  during  1915,  more  than  3,000  seedlings 

*  A  reprint  of "  PopuUr  Edition  "of  Bulletin  No.  ^3;  fwi^ulAT  edition  sae  p.  C4. 
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infested  with  eimine  moth  nests  in  more  than  a  dozen  localities 
widely  distributed  in  the  fruit  regions  of  western  New  York,  The 
danger  of  permanent  establishment  of  these  pests  is  apparently  great, 
and  fruit  growers  should  be  on  the  alert  to  recognize  and  combat 
them  on  their  first  appearance. 

The  tiny  caterpillars  hatch  during  late  sununer  or 

Life    history    early  fall,  but  remain  inactive  during  the  fall  and 

of  ermine      winter  under  the  protecting  crust  of  the  egg  mass, 

moUi.  only  emerging  when  the  buds  open  in  the  spring. 

They  hide  among  the  green  leaflets  and  immediately 
eat  their  way  beneath  the  surface,  entering  usually  at  the  edge,  par- 
ticularly near  the  leaf  tipe.  The  larvfe  themselves  can  not  be  seen 
or  reached  by  insecticides  at  this  stage;  but  within  two  or  three  days 
after  they  have  entered  the  leaves  these  turn  reddish  brown  at  tips 
or  edges,  the  discolored  areas  increasing  with  the  advance  of  the  little 
miners.  This  stage  of  the  insect  lasts  about  two  weeks,  when  they 
become  too  lai^  to  continue  inside  the  leaf,  so  they  establish  them- 
selves on  the  upper  surface,  protected  by  a  light,  transparent,  grayish 
web,  which  is  often  attached  to  leaves  above  the  ones  on  which 
the  larvffi  are  working.  This  stage  begins  about  at  the  conclusion  of 
the  blossoming  period  of  the  apple.  Under  the  web  the  insects 
"  skeletonize  "  the  leaf,  working  here  for  about  a  week  and  then 
migrating  to  the  tips  of  the  highest  branches,  where  gradually 
enlarging  nests  are  formed  by  making  webs  about  clusters  of  leaves. 
With  increasing  size  the  destructive  power  of  the  larvce  develops 
rapidly;  so  that  targe  nests  are  formed  by  each  colony  and  many  leaves 
are  completely  eaten,  leaving  only  the  larger  veins  and  the  midrib. 
The  larvte  mature  during  the  latter  part  of  June,  change  to  pu|»e, 
and  these  give  place,  in  late  June  or  early  July,  to  the  small  white 
moths,  beautifully  marked  with  black  dots,  whose  appearance 
gives  them  the  name  "  ermine  "  moths. 

To  control  these  insects  in  orchards  should  not  be 

Spraying      especially  difficult,  since  they  succumb  readily  to 

wQl  kill       spraying  with  arsenicals.     The  time  when  they  can 

laiTffi.         be  successfully  reached,  however,  is  rather  short, 

as  they  are  inactive  for  most  of  the  year  and 
spend  part  of  their  period  of  activity  within  the  leaf,  where  sprays 
do  not  affect  them.  From  the  time  when  they  begin  to  "  skeletonize  " 
the  leaves,  about  June  1,  their  presence  is  readily  noted  and  they  are 
quite  susceptible  to  poison  sprays. 

An  insect  of  which  little  is  really  known,  except  that 
A  leaf  weevil  it  is  quite  widely  distributed,  especially  in  the 
on  the  peach.  Mississippi    Valley    states,    and     in    Ontario,    has 

several  times  been  found  attacking  peach  trees, 
particularly  those  newly  planted,  in  Niagara  County.  This  is  the 
peach  leaf-weevil,  a  snout  beetle  like  the  plum  curcuho,  which  ealK 
into  the  opening  leaf  buds,  destroying  or  severely  injuring  the  leaf- 
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cluatere,  and  later  eats  small  semi-circular  areas  alouK  the  margins 
of  the  tender  leaves.  They  appear  early  in  May  and  disappear  in 
iate  July,  but  are  revealed  more  by  their  work  than  by  the  presence 
of  the  insects  themselves  since  they  feed  mostly  at  night,  biding  during 
the  day  in  folds  of  the  leaves,  under  lumps  of  earth  about  the  base  of 
the  tree,  or  partly  buried  in  the  soil. 

Damage  from  them  is  not  usually  great,  but  they  prefer  am^, 
young  trees,  and  may,  through  this  prefenaice,  sometimes  collect 
on  such  trees  in  sufficient  numbers  to  interfere  with  their  growth  at 
a  critical  time. 

They  can  be  kept  from  such  small  trees  by  a  cover  of  netting, 
and  may  also  be  collected  on  sheets  by  jarring  the  trees  as  wafi 
formerly  advised  for  the  plum  ciu-culio.  It  is  probable,  also,  that 
they  can  be  controlled  by  spraying  with  arsenicals,  since  they  feed 
on  the  foliage;  but  care  must  be  used  in  treating  peach  foliage  with 
such  remedies,  since  the  peach  is  very  susceptible  to  arsenic  injury. 
The  use,  in  an  experimental  way,  of  two  pounds  only  of  arsenate  of 
lead,  with  two  pounds  of  lump  lime  to  fifty  gallons  of  water  is 
recommended. 

The  common  peach  borer  is  well  known  to  all  growers 
Wide^       of  that  fruit;  and  many  are  the  back-aches  incurred 

distributed,    in  digging  out  this  concealed  enemy.     Another  borer 
rarely         also  attacks  peach  and  plum  trees,  but  is  commonly 
harmful.       found  only  in  neglected  orchards  where  the  presence 
of  one  more  pest  is  of  slight  consequence.     How- 
ever, a  few  quite  severe  cases  of  infestation  by  the  insect,  in  orchards 
that  were  being  cared  for  though  previously  n^lected,  have  brought 
its  work  before  the  Station  entomologists. 

The  insect  apparently  does  not  attack  trees  at  smooth,  healthy 
places  on  the  bark,  but  may  enter  not  only  at  the  collar,  whidi 
is  the  principal  scene  of  operations  of  the  larger  borer,  but  particulariy 
at  the  crotcQ  and  at  any  other  roughened,  cracked  spot  m  the  bark 
on  trunk,  branches  or  even  small  twigs. 

In  the  smaller  twigs  the  channels  made  by  the  borers  are  concealed 
beneath  the  outer  layer  of  the  bark,  their  presence  being  indicated 
only  by  excrement  and  gimn  at  the  entrances  to  the  tunnels.  In 
larger  branches  the  bark  is  roughened,  split,  marked  by  exit  holes 
of  the  pupse  and  by  unsightly  collections  of  excrement  and  gum. 
Often  tne  larvae  are  sufficiently  numerous  and  the  channels  so  many 
and  so  deep  that  the  trunk  or  branch  is  practically  girdled. 

The  eggs,  as  reported  by  others,  are  small,  compressed,  elliptical- 
oval  bodies,  similar  to  the  eggs  of  the  common  peach  borer,  and  are 
laid  singly  or  in  clusters,  to  the  number  of  two  or  three  hundred,  in 
crevices  or  openings  of  the  bark  or  under  loosened  bark  in  any  part 
of  the  tree. 

E^g-laying  probably  extends  well  through  June  and  July,  as 
observations  made  on  June  20  showed  that  about  30  per  ct.  oF  the 
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adults  had  emerged^  30  per  ct.  were  in  the  pupa  stage,  and  the 
remaining  larvs  were  practically  full  Brown.  The  eggs  hatch  in 
about  10  daya  and  the  larvs  live  in  the  flannels  until  pupation  early 
the  following  summer.  Pupation  takes  place  in  cocoons  of  sawdust 
and  excrement  firmly  held  together  by  silk.  The  cocoon  is  usually 
slightly  reddish,  like  the  bark  it  is  on,  and  is  often  placed  in  a  partially 
excavated  pit  or  chamber  under  a  loosened  piece  of  bark  near  the  exit 
from  the  larval  tunnel. 

The  adults  are  clear-winged  moths,  like  the  male  of  the  common 
peach  borer,  bluish-black  in  color  with  circles  of  yellowish-black 
scales  about  the  eyes  and  with  pale  yellow  bands  on  the  second 
and  fourth  s^jments  of  the  body.  The  moths  might  easily  be 
mistaken  for  certain  species  of  wasps. 

The  only  reliable  method  of  disposing  ot  these  borers  is  to  dig 
them  out,  as  is  done  with  the  common  peach  borer,  in  the  fall^ 
winter  or  early  spring.  Old  or  weakened  trees  should  be  removed 
and  the  others  carefully  pruned,  burning  all  dead  or  borer-injured 
wood. 

A  most  peculiar  insect,  in  that  it  matures  late  in  the 
A   forest       fall  when  most  other  insect  activities  are  suspended, 

pest  in  the  is  the  lime-tree  winter  moth.  This  is  ordinarily 
orchard.  a  forest  pest,  and  of  slight  economic  importance,  but 
in  1912  the  caterpillars  became  very  numerous  in 
certain  parts  of  western  New  York.  Many  of  them  left  their  forest 
feeding  grounds  and  attacked  adjacent  apple  and  cherry  orchards  and 
trees  of  these  fruits  along  the  roadsides.  In  the  forests  the  trees 
princip^y  affected  were  linden  (lime)  and  elm,  but  a  few  l^-vte 
were  found  on  maple,  hickory,  ash  and  oak  trees.  The  feeding 
of  the  caterpillars  on  the  foliage  produces  a  peculiar  raggedness  of 
the  leaves,  as  though  they  bad  been  riddled  by  shot. 

The  larvK  are  characteristic  canker  worms  or  loopers,  and  often 
feign  death  by  holding  their  bodies  rigid  or  suspending  themselves 
by  the  rear  feet.  The  larvee  appeared  to  be  nearly  mature  on  June  8 
when  first  noticed  in  an  apple  orchard,  but  many  were  still  present 
ten  days  later,  though  some  had  already  pupated  and  nearly  all  did 
so  within  the  next  week.  The  pupse  are  found  at  or  near  the  surface 
of  the  groimd  under  leaves  and  rubbish,  or  buried  as  deep  as  three 
inches  in  the  soil. 

As  noted  above,  the  adults  emerge  very  late  in  the  season  —  from 
October  21  to  November  4  in  1912,  and  females  were  ovipositing  a 
week  after  this  time.  They  can  evidently  stand  temperatures  only 
slightly  above  freezing.  The  adults  are  active  only  late  in  the  day 
and  in  the  evening.  The  females  lay  large  numbers  of  eg^,  probably 
more  than  600. 

The  male  moths  are  quite  large,  having  a  wing  spread  of  an  inch 
and  three-quarters,  but  these  are  of  an  inconspicuous  rusty  buff 
color  without  striking  marks,  though  quite  widely  variant  in  sliading. 
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The  femalee  are  wingless,  dark  to  light  brown,  or  ash  gray  in  color  and 
therefore  easily  escape  notice  unless  specially  sought. 

The  inability  of  the  females  to  fly  and  their  emergence  well  toward 
winter  when  the  egg^  are  subject  to  severe  weather  are  factors  that 
seem  to  preclude  any  great  liability  to  danger  from  the  species; 
and  any  outbreak  of  them,  if  taken  in  time,  could  easily  be  controlled 
by  spraying.  Caterpillars  of  these  moths  have  not  been  found  in  any 
well  sprayed  orchards. 

A  not  uncommon  insect  enemy  of  the  gooseberry 

Currant        is  a  fruit  worm,  which  occasionally  does  considerable 

fruits  damage    in    plantations    of     £his    fruit.     But    the 

imfested.       relatively  small   importance  of  the  gooseberry  in 

America  has  allowed  the  insect  to  escape  without 

.much  study.     The  attention  of  the  Station  waa  called  to  it  several 

years  ago,  however,  when  it  was  reported  as  having  destroyed 

Practically  the  whole  crop  of  currants  in  a  plantation  near  White 
lains  for  several  years  in  succession. 

The  adult  female  deposits  her  eggs  on  the  young 
Life  gooseberries  a  short  time  after  the  fruit  ia  set.     The 

history  young  larvse  soon  appear  and  bore  into  the  berry. 
and  habits.  On  April  21  at  White  Plains,  N.  Y.,  no  trace  of  an 
infestation  could  be  found.  During  the  second  week 
in  May  occasional  berries  were  being  drawn  together  by  a  delicate 
silken  thread  which  that  year  was  the  earliest  evidence  of  the  insect 
in  this  planting.  About  the  last  week  in  May  the  caterpillars  left 
the  berries  first  attacked  and  webbed  t(^?ether  other  fruit  of  the 
cluster.  As  the  creatures  became  lai^r  in  size  several  berry  clusters 
were  usually  drawn  together  and  formed  a  nest  in  which  Uie  cater- 
pillars remained  concealed.  When  disturbed  the  larvie  quickly 
left  the  berries  or  the  nest  and  lowered  themselves  to  the  ground  with 
the  aid  of  a  slender  thread.  By  June  7  the  caterpillars  were  mature, 
and  on  June  28  few  of  the  creatures  were  to  be  found.  On  the  latter 
date  many  delicate,  finely-woven  cocoons  were  found  among  the 
injured  currant  clusters  or  fallen  leaves  and  other  debris  on  the 
ground  beneath  the  bushes.  Specimens  of  these  cocoons  and  others 
obtained  from  larva  bred  in  the  laboratory  were  placed  in  cages  where 
they  remained  until  the  following  spring  when  the  moths  emerged. 
'Die  adults  appeared  during  the  last  week  in  April. 

Control  methods  found  of  value  were  the  use  of  poison  sprays,  no 
difference  in  effectiveness  being  noticed  between  arsenate  of  lead  or 
paris  green  in  bordeaux  mixture.  Caustic  soda  solution  and  lime 
sulphur  solution  appeared  to  have  little  repressive  effect. 

Injurious       Larvse  of  a  green  fruit  worm  were  carried  to  maturity , 
species  in      when,  to  the  surprise  of  all,  they  proved  to  be  of  a 
new  group,     species  never  reported  aa  injurious  in  a  group  which 
contains  no  other  harmful  insects. 

[Plates  LV  and  LVII  were  used  to  illustrate  this  edition.] 
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